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~—ABSTRACF
The aim of this study was to find the most effective surface preparation methods to enhance the bond
strength between the composite resin and surface remaining from ceramic fracture. In this systematic
review and meta-analysis, 39 studies were examined. The information related to the studies was extracted
and categorized based on the type of the substrate material and applying or not applying thermal cycles
(p<0.05). In the meta-analysis of substrate metal-ceramic samples without aging, application of air abrasion
resulted in a significant increase of the bond strength to composite resin when using chemical compounds
of the group without the mentioned functional monomers. Application of mechanical and chemical surface
preparation methods can result in enhanced bond strength of the composite to the substrate material, which
depends on the type of substrate material.
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INTRODUCTION

eramic-metal restorations are com-
mon in dentistry because of their
aesthetics and desirable mechanical
properties (1-3). In spite of their sui-
table durability and clinical func-
tion, the ceramic of crowns have the potential
for fracture, with a reported rate of 2.3-8% (4-6).
Although the fracture of ceramic does not neces-
sarily mean failure of restoration, it is challenging
for both the patient and dentist in terms of beau-
ty and function. In addition, the lines of cracks
and fractures are a suitable site for aggregation of
microorganisms, formation of dental plaques,
and discoloration of the restoration (7).
Ceramic-metal restorations are made of a
casted metal substrate on which the ceramic is
cured. In these systems, there are several re-
quirements for both the alloy and ceramic, in-
cluding a higher melting range of the alloy com-
pared to the ceramic curing temperature,
desirable rigidity and strength of metal substrate,
proper bond of ceramic to metal surface oxides,
and compatibility of the thermal expansion coe-
fficient between metal and ceramic (8). Blum
et al categorized ceramic fracture in ceramic-
metal crowns into simple and complex types (9).
Simple cracks occur only in the ceramic and are
a result of its structural defects, impact, and para-
functional habits (3, 7, 9). Complex cracks result
in appearance of the substrate metal, which is a
result of metal-ceramic interface defects, im-
proper design, lack of adequate support of the
ceramic by the metal, metal fatigue, or mismatch
of linear thermal expansion coefficient between
the metal and ceramic (9). Generally, it can be
stated that fracture factors in these crowns are
related to the technician, dentist, patient, envi-
ronment, restoration design, and intrinsic defects
of the ceramic (10). An ideal treatment in case of
ceramic fracture is replacement of the crown;
however, intraoral repair is sometimes a less ex-
pensive and time-consuming option (11).
Various methods have been proposed for re-
pairing ceramic-metal crowns. In the direct
method, composite resins are used, while indi-
rect methods are performed through dentistry
laboratories (12-15). Among the advantages of
direct method are less cost and time as well as
easier usage. Disadvantages include less abrasive
and aesthetic properties compared to ceramics
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(16-18). Meanwhile, the downsides of the indi-
rect method include requiring various clinical
and laboratory stages (4).

The clinical success of ceramic repair and di-
rect method is dependent on the bond between
the fractured surface and composite resin (7, 19).
To develop the maximum bond between these
two surfaces, various methods of providing me-
chanical and chemical fixation can be used. Me-
chanical methods such as air abrasion with alu-
minum oxide particles result in clearing
superficial contaminations, increasing the wetta-
bility potential of the surface by resins, enhan-
cing the surface roughness, and strengthening
the bond between the composite and surface
(7, 20, 21). Etching the surface with acids such
as hydrofluoric acid causes dissolution of glass
matrix of ceramics and development of a porous
surface for better bond of the composite resin in
them (7, 22). Nevertheless, acid etching of the
surface of alloys, based on different studies,
cannot develop a sufficiently fixed surface alone
for bond of the composite resin (23-25). Dia-
mond burs can cause increased abrasion of the
alloy surface and development of fixed points for
increasing the surface roughness (26, 27) and
use of laser either alone or in combination with
other methods (28, 30). In air abrasion by alumi-
num oxide particles coated with silica, pressure
is exerted to the surface. In this method, in addi-
tion to surface roughness, the remaining silica on
that metal surface results in improved silane
function in the composite resin bonding (31, 32).
Tin plating noble Silane is able to establish a
chemical bond between organic and inorganic
components, and its usage in combination with
other methods such as Cojet method causes aug-
mented strength of the bond of composite resin
especially to the ceramic surface (7, 32, 33). Tin
plating noble metals allow an enhanced me-
chanical fixation and development of an oxide
layer for facilitating establishment of chemical
bonds (34). The functional monomers present in
connector systems affecting bond of composite
resins to metals (35-38), include: 1) 4-MET mo-
lecule (powder form without water: 4-meta)
containing two carboxylic groups attached to
aromatic group, causing development of acidic
properties and improved wettability and better
bond to metals such as amalgam and gold (39, 40);
2) 10-MDP monomer essentially considered an
etching molecule due to its dihydrogen phos-
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phate group and ability of forming ionic bonds
(41, 42); 3) other monomers containing a phos-
phate group; 4) monomers containing sulfur
groups such as thiophenol, thiouracil, and disul-
fide absorbed by noble metals whereby chemi-
cal reactions occur (43, 44).

For better bond of composite resins to metal
alloys used in ceramic-metal crowns, various
mechanical and chemical surface preparation
methods are used. Therefore, different com-
pounds of various connector systems, composite
resins, and methods for preparing surfaces have
been proposed for repairing the surface of the
fractured ceramics using composite resins.

Due to the absence of a specific protocol for
repairing metal-ceramic crowns as well as the di-
versity of the proposed materials and systems,
we intended to evaluate the benefit of surface
preparation methods used in the method of di-
rect repairing the surface of ceramic-metal resto-
rations using a systematic investigation by exami-
ning the strength of bond between the composite
and the prepared fractured surface. This allows
for increasing the time of clinical servicing of res-
toration inside the patient’'s mouth through a

TABLE 1. Selected keywords based on PICO pattern

conservative method, while saving time and
costs. 4
MATERIALS AND METHODS

Selection of studies and search strategy

n order to find the papers required for perfor-

ming this systematic review and meta-analysis
study, using keywords chosen based on PICO
model, experimental studies until December
2017 were searched from databases including
EBSCO and PubMed along with English and Per-
sian papers from the databases of magiran, iran-
doc, and SID (Table 1). The keywords were
searched using OR in each part, after which the
results were combined by AND, whereby the fi-
nal results were extracted (Table 2). Once the
papers obtained, similar papers were removed
and the remaining ones were investigated based
on inclusion and exclusion criteria by two re-
searcher of this study. These two individuals
started examining the title and abstract as well as
text of papers separately. Once the papers were
chosen based on the title and abstract, they were
studied in detail, whereby the final usable stu-
dies to be incorporated into research were iden-
tified. After searching in databases, manual

Kevwords
P Metal ceramic alloys (MeSH), dental porcelain (MeSH), ceramics (MeSH), metal, fixed dental
prosthesis, porcelain fused to metal
I Dental restoration repair (MeSH), composite resins (MeSH), surface treatment, surface
condition
C —
0 Shear strength (MeSH), tensile strength (MeSH), bond strength

TABLE 2. Search strategy used in PubMed (MEDLINE) and EBSCO

Search terms

Search (Dental Restoration Repairs) OR (Repair, Dental Restoration) OR (Repairs, Dental

Search (Porcelain) OR (Porcelains) OR (Porcelain, Dental) OR (Dental Porcelains) OR

No. 11 Search No.4 AND No.7 AND No.10
No. 10 Search No.8 OR No.9
No. 9 Search (Strength, Tensile) OR (Strengths, Tensile) OR (Tensile Strengths)
No. 8§ Search (Strength, shear)
No. 7 Search No.5 OR No.6
No. 6
Restoration) OR (Restoration Repair, Dental) OR (Restoration Repairs, Dental)
No. 5 Search (Resins, Composite)
No. 4 Search No.1 OR No.2 OR No.3
No. 3 Search ceramics
No. 2
(Porcelains, Dental)
No. 1

Search (alloys, metal ceramic) OR (porcelain-metal alloys) OR (alloys, porcelain metal) OR
(porcelain metal alloys) OR (metalloceramic alloys) OR (alloys, metalloceramic) OR (metallo-
ceramic alloys) OR (alloys,metallo-ceramic) OR (metallo ceramic alloys) OR (metalloceramic
alloy) OR (alloy, metalloceramic) OR (metal ceramic alloy) OR (alloy, metal ceramic) OR
(metallo ceramic alloy) OR (metal ceramic restorations) OR (restorations, metal ceramic)
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search process was performed by examining the
list of references of studies as well as the refe-
renced textbooks of restorative dentistry by
choosing proper papers and extracting their
data. Further, relevant theses and gray references
in ProQuest have been also investigated.

Eligibility criteria

Inclusion criteria: Experimental studies, bond of
composite resins to the metal surface of the sam-
ple should have been investigated, the effect of
mechanical and chemical preparation methods
for remaining surfaces of the crown before using
the composite resins should have been exa-
mined, the test for measuring the experimental
bond strength should have been of shear or ten-
sile type.

Exclusion criteria: Non-experimental studies
such as clinical studies and review studies, in
which the use of composite resins was not the
same as the conditions of their clinical usage in
direct method for repairing the metal-ceramic
crowns, for examples include studies in which
bond of braces has been investigated.

Data collection

In order to enter data obtained from the selected
papers, Microsoft Office Excel 2010 (Microsoft,
Redmond Corporation, WA, USA) was used.
Data included title of the study, authors’ name,
year of publication, name of substrate material
and number of samples, the mechanical and
chemical preparation performed on the sub-
strate, the utilized bonding and composite resin,
the conditions and time of maintaining the sam-
ples before doing the bond strength test, the
manner of applying thermal cycle to the samples
if it was performed, the type of bond strength
test, the rate of force exertion (min/mm), the
mean reported bond strength number (MPa),
and standard deviation.

Mechanical etchings (ME) of surfaces were in-
troduced into the data collection software with
the following abbreviations: B: roughening with
bur, E: acid etching (E1: etching with phosphoric
acid, E2: etching with hydrofluoric acid), SB: air
abrasion with aluminum oxide particles, L: laser,
no treatment (polishing but not performing me-
chanical etching).
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Chemical preparation (CHE) was performed
in primer/connector systems based on the type
of the effective operating molecule: P (systems
containing phosphate monomers such as the sys-
tems including MDP, PENTA, and acrylate/phos-
phate metacrylate), MET (systems containing
4-META and 4-MET), Q (compounds containing
sulfur group such as thio-octanes and typical
compounds), and R (systems lacking the above-
mentioned functional groups). Further, usage of
silane, tin plating, and Cojet was represented by
Si, T, and C, respectively.

In case of maintaining the samples for three
months or more in water or applying more than
1000 thermal cycles, they were placed in the
aged group; otherwise, the samples were cate-
gorized in the non-aged group. Analysis of the
statistical results was performed by free compre-
hensive software for meta-analysis. P<0.05 was
considered significant. 4

RESULTS

Study selection

enerally, in searching the keywords in the

databases in Table 1, 312 studies were ob-
tained from EBSCO database and 1 834 from
PubMed. By removing 1 126 repeated papers
using EndNote X7 (Thompson Reuters Philadel-
phia, PA, USA), 1 120 papers remained for the
preliminary study. By searching Persian and En-
glish keywords in databases including Magiran,
Irandoc, and SID, 136 studies were obtained,
where 20 were repeated, and hence, 116 stu-
dies remained. In searching the database at this
stage, studies were first separated by title and
then abstract. The full text of the remaining
114 studies from EBSCO and PubMed databases
and 10 remaining studies from the three Iranian
databases were examined for final selection.
Eventually, 31 studies eligible for inclusion crite-
ria and devoid of exclusion criteria were identi-
fied. After selecting the relevant papers, the
manual search process was performed by inves-
tigating the list of references. Then, after remo-
ving repeated references and investigating the
title, abstract, and full text, seven other studies
were added to the final results. In searching for
the gray references, 30 studies were obtained,
and after investigating the title and abstract,
six studies remained for full text investigation.
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TABLE 3. Demographic data of included studies in non-aged base metal group

" . Mean
Bt Mtha“'cau Number R Hond bond Standard
author chemical surface Storage conditions | strength BEe
/ Year treatment* of samples test strength deviation
(MPa)
Bertolotti ME-SB+CHE-P 10 7.73 1.56
(ME-SB+CHE-E)+ 10 25 C water/]1 day Shear 4.51 1.21
/ 1989
CHE-P
Chang ME-SB+CHE-P 10 ) ‘ 17.43 4.46
/1993 ME-SB+CHE-R 10 23 C water/1 day Tensile 13 2.26
’ ME-SB+CHE-MET 5 14.2 2.4
White ME-no treatment+ 5 39 0.5
/1994 CHE-R 30 37C water/] day Shear 23:7 3.59
ME-SB+CHE-R
Czrew ME-SB+CHE-P 20 37 C water/ 5 days + 13.25 1.06
/1995 ME-SB+CHE-MET 20 500 cycles Shear 14.55 6.01
ME-SB+CHE-R 10 6-60T 14.3 3.4
ME-no treatment+ 30 1.76 0.86
CHE-R 20 4.55 3.04
ME-no treatment+ 10 15.9 2.3
CHE-P 30 6.83 1.25
?]h ;;_},g ME-no treatment+ 20 3?:,(1: c;zz;ter Shear 10.58 0.91
CHE-MET 10 17 L5
ME-SB+CHE-R
ME-SB+CHE-P
ME-SB+CHE-MET
Proiiio ME-no treatmen£_+ 14 12.45 0.49
/1998 (CHE-C+CHE-S!) 30°C water/30 days Shear
ME-SB+CHE-Si 7 8.1 1.2
Tokinoel ME-SB+CHE-MET 8 37 C water/1 day + 34.55 5.74
12000 ME-SB CHE-P 8 500 cycles Shear 20.57 233
ME-SB+CHE-R. 16 5-50°C 9.32 0.86
Yesil ME-SB+CHE-P 7 ggncc‘;f‘]‘:s” Tdays+ e 1.9 2.09
/2007 ME-B+CHE-P 7 5.55C 9.35 2.89
ME-SB+CHE-R 5 11.4 1.5
ME-SB+ 15 249 6.53
(CHE-P+CHE-Q) 15 21.03 4.92
Nima ME-SB+CHE-P 5 12.6 1.3
/2016 | ME-SB+CHE-MET 5 40wy 1. day St 123 1.7
ME-SB+
(CHE-P+CHE-
MET)
ME-SB+CHE-R 6 16.7 7.49
ME-SB+(CHE- 9 24.16 5.21
— P+CHE-Q) 3 12.6 1.3
2017 ME-SB CHE-MET 3 37 C water/1 day Shear 12.3 1.7
ME-SB+(CHE- 6 20.55 6.85
MET+CHE-P)
ME-SB+CHE-P
ME-E CHE-MET 10 1.84 0.49
Khoroushi | ME-SB+CHE-MET 10 37 C water Shear 4.77 0.77
/2008 (ME-SB+ME-E)+ 10 /until doing the test 17.97 35
CHE-ME
ME-no treatment+ Half: 30% moisture
Tjan CHE-R 10 123 C/ 7 days Shear 2.66 0.05
/1987 ME-no treatment+ 20 Half: 100% moisture E 3.69 1.45
CHE-P /3T C/7 days
Capa ME-SB+CHE-P 30 7.19 0.89
.fzog9 ME-SB+CHE-G 30 ATC yater /1 day eue 6.09 0.97
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Eventually, one study was chosen. Across all
mentioned stages, disagreements between the
two researchers for choosing studies were re-
solved through discussion and opinion exchange.

The preparation methods used in the studies
were categorized based on their abbreviated
name and classified into four groups based on
the type of substrate material as well as the con-
ditions of maintaining the samples: base metal
alloys which had undergone aging, base metal
alloys on which aging had not been applied, ce-
ramic-base metal alloys which had undergone
aging, ceramic-base metal alloys on which aging
had not been performed.

Descriptive and analytical statistics related to
the group of base metal alloy without aging

Out of the 39 studies obtained, the data extrac-
ted from 13 studies were placed in the base me-
tal alloy group which had not undergone aging
(23, 32, 45-55). The mean and standard devia-
tion of the strength of composite bond to the
samples present in each study which had the
same mechanical and chemical preparation
methods were calculated and assumed as one
single group (Table 3). The major surface prepa-
ration method used in the studies of this group
was usage of air abrasion with aluminum oxide
particles and compounds based on phosphate
monomers, utilized in nine studies (23, 45, 47,
49-53, 55), indicating bond strength range of
7.73-20.57 MPa. The other highly utilized me-
thods included use of air abrasion and chemical
compounds of group R in eight studies with the
bond strength of 1.76-3.9 MPa, as well as con-
current use of air abrasion mechanical methods
and the compounds containing MET-4 group in
seven studies with the bond strength of
4.77-34.55 MPa (23, 45, 46, 49, 50, 52, 53).

The maximum extent of bond strength among
the 13 studies in the base metal group without
applying aging, given the difference in the condi-
tions of studies, had been achieved by applying
the air abrasion method with aluminum oxide
particles and use of the compounds of MET
group (34.55 MPa) (50). On the other hand, the
minimum strength had been obtained by ap-
plying hydrofluoric acid etcher and use of com-
pounds of MET group (1.84 MPa) (46).

As at least two surface preparation methods
had been repeated in eight studies (25, 52, 56-61),

performing meta-analysis is feasible. A total of
11 dual combinations were obtained from the
repeated preparation methods.

The comparisons performed between the re-
peated dual combinations in the studies are as
follows:

1. Comparing the two preparation me-

thods of ME-SB+CHE-R and ME-SE+CHE-P

(Figure 1-A), the mean bond strength of the

composite resin using the air abrasion and

phosphate monomers was 5.31+2.08 MPa
higher than that of the other method, where
this difference was significant (P<0.05).

2. Comparing the two preparation methods

of ME-SB+CHE-P and ME-SB+CHE-MET

(Figure 1-B), application of air abrasion me-

thod and phosphate monomers developed

2.7%x0.7 less bond strength compared to the
other method, but this difference was not sig-
nificant (P>0.05).

3. Comparing the two preparation methods of

ME-SB+CHE-P and ME-SB+(CHE-P+CHE-Q)

(Figure 1-C), the air abrasion method and use

of phosphate and sulfur monomers deve-

loped 0.6+0.21 MPa greater bond strength,
but this difference was not significant

(P>0.05).

4. Comparing the two preparation methods

ME-SB+CHE-P and ME-SB+(CHE-P+CHE-MET)

(Figure 1-D), the air abrasion method and

phosphate monomers developed 8.61 MPa

greater bond strength on average, and the
difference was significant (P<0.05).

5. Comparing the two preparation me-

thods of ME-SB+CHE-MET and

ME-SB+CHE-R (Figure 1-E), concurrent use

of air abrasion mechanical methods and the

compounds containing 4-META monomers
developed 6.03 3.4 MPa greater bond strength,
where the difference was significant (p<0.05).

6. Comparing the two preparation me-

thods of ME-no treatment + CHE-R and

ME-SB+CHE-R (Figure 1-F), usage of air

abrasion method and the compounds con-

taining R monomers developed greater bond
strength by 12.3 MPa on average, but this dif-
ference was not significant (P>0.05).

7. Comparing the two preparation me-

thods of ME-SB+CHE-R and ME-SB

+(CHE-P+CHE-Q) (Figure 1-C), the combi-
nation of air abrasion method as well as phos-
phate and sulfur monomers compared to the
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~

A.
Study name Statistics for each study Diff in means and 95% CI
Difference Standard Lower Upper
in means error Variance  limit limit Z-Value p-Value
Chang(1993) 4.430 1581 2500 1331 7520 2802 0005 ——
Czrew(1995) -1.050 0.820 0672 -2656 0556 -1.281 0.200
Chung(1997) 3.750 0.326 0.106 3.112 4388 11.519 0.000 .
Tulunoglu(2000) 11.250 0.647 0.418 9982 12518 17.392 0.000
Nima(2016) 9.630 2270 5154 5180 14080 4.242 0.000 =
Nima(2017) 3.850 4.144 17170 -4272 11972 0929 0.353 L
5310 2088 4358 1218 9402 2584 001 I oo I
-12.00 -6.00 0.00 6.00 12.00
\_ ME-SB+CHE-P ME-SB+CHE-R /
B.
Study name Statistics for each study Difference in means and 85% CI
Difference  Standard Lower Upper
in means error  Variance  limit limit Z-Value p-Value
Chang(1993) 3.230 2.159 4663 -1002 7462 1496 0135 .
Czrew(1995) -1.300 1.365 1.862 -3975 1375 -0953 0341 —.-—
Chung(1997) -8.420 0.473 0.224 .7.347 .5.493 -13576 0.000
Tulunoglu(2000) -13.980 2.180 4797 -18273 -9.687 .6383 0.000
Nima(2016) 8.430 2.263 5121 3995 12865 3725 0.000 —
Nima(2017) 7.950 4123 16989 -0.131 16.031 1928 0.054
-0.767 2.795 7813 -6245 4712 -0274 0784
-12.00 -6.00 0.00 6.00 12.00
\_ ME-SB+CHE-P  ME-SB+CHE-MET /
c A
Statistics for each study Difference in means and 95% CI
Difference Standard Lower Upper
inmeans error Variance limit limit Z-Value p-Value
Nima(2016) -0.270 1.797  3.228 -3.791 3.251 -0.150 0.881 | |
Nima(2017) 0.000 3610 13034 -7.076 7.076 0000 1.000
-0.218 1608 2587 -3369 2936 -0135 0893 | |
-12.00 -6.00 0.00 6.00 12.00
K ME-SB+CHE-P MESBO(CHE-P!-CHE-OJ/
D.
Statistics for each study Difference in means and 95% CI
Difference Standard Lower Upper
inmeans error Variance limit [limit Z-Value p-Value
Nima(2016) 8.730 2279 5192 4264 13.196 3.831 0.000
Nima(2017) 8.250 4144 17171 0128 16372 1991 0.046
8619 1.997 3986 4705 12532 4317 0.000
-18.00 -9.00 0.00 9.00 18.00
\ ME-SB+CHE-P ltEaB*(CﬂE-HETtCHS-Py
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(E.

~

St name Statistics for each study Difference in means and 95% CI
Difference Standard Lower Upper
in means error Variance  limit limit Z-Value p-Value
Chang(1993) -1.200 1.262 1593 -3673 1273 -0.951 0342
Czrew(1995) -0.250 2.058 4234 -4283 3783 -0121 0903
Chung(1997) -10.170 0.500 0.250 -11.150 -9.190 -20.330 0.000
Tulunoglu(2000) -25.230 1.435 2.080 -28.043 -22.417 -17.578 0.000
Nima(2016) -1.200 0.888 0.788 -2940 0540 -1.352 0176
Nima(2017) 4.100 4.503 20277 -4728 12928 0.911 0.383
-6.034 3470 12.041 -12835 0767 -1.739 0082
-18.00 -9.00 0.00 9.00 18.00
\_ ME-SB+CHE-R ME-SB+CHE-MET /
Study name Statistics for each study Difference in means and 85% CI
Difference Standard Lower Upper
in means ermor  Variance  limit limit Z-Value p-Value
Nima et al (2016) =13.500 2.996 8977 -19.372 -7628 -4.506 0.000
Nima et al (2017) -7.460 3261 10634 -13851 -1.089 -2288 0.022
-10.735 2.206 4868 -15.059 -6.411 -4866 0.000
-27.00 -13.50 0.00 13.50 27.00
K ME-SB+CHE-R ME-SB+C HE-PM:HE-QJ
/G. )
Study name Statistics for each study _Difference in means and 95% CI_
Difference Standard Lower Upper
in means error  Variance  limit limit Z-Value p-Value
Nima et al (2016) -0.900 1.014 1028 -2.887 1.087 -08B8 0375
Nima et al (2017) 4.400 4522 20449 -4483 13283 0973 033
-0.648 0.989 0979 -2585 1293 -0653 0514
-27.00 -13.50 0.00 13.50 27.00
\ ME-SB+CHE-R ME-SE#[CHE-ME‘I&CHE-Py
/H. )
Study name _Statistics for each study _Difference in means and 85% CI
Difference Standard Lower Upper
in means eror  Variance limit  limit Z-Value p-Value
Nima et al (2016) -0.900 1.014 1.028 -2887 1.087 -0B888 0375
Nima et al (2017) 4.400 4522 20449 -4.463 13263 0973 0331
-0.646 0.989 0979 -2585 1203 -0653 0514
-27.00 -13.50 0.00 13.50 27.00
K ME-SB+CHE-R ME-SB+{CHE-MET+CHE-P)
a )
Study name Statistics for each study Diffi in and 95% Ci
Difference Standard Lower Upper
in means error Variance  limit limit Z-Value p-Value
Nima et al (2016) -12.300 2901 8944 -1B.162 6438 -4113 0.000
Nima et al (2017) -11.560 313 9.801 -17696 -5424 -3692 0.000
-11.947 2.163 4677 -16.185 -7.708 -5.524 0.000
-27.00 -13.50 0.00 13.50 27.00

-

(ME-SB+CHE-MET ME-SB+(CHE-P+C HE-QM
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q )

Study name Statistics for each study Std diff in means and 95% CI
Std diff Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
Nima et al (2016) -2.124 0.616 0.379 -3.331 -0.917 -3.448 0.001
Nima et al (2017) -2.462 0.835 0.697 -4.098 -0.825 -2.949 0.003 =
-2.243 0.496 0.246 -3.214 -1.271 -4.525 0.000 .
-27.00 -13.50 0.00 13.50 27.00
K ME-SB+CHE-MET ME-SB!-(CHE-MET*—CHE-P]/
K.
Study name Statistics for each study Difference in means and 95% CI
Difference Standard Lower Upper
in means error Variance  limit limit Z-Value p-Value
Nima et al (2016) -12.600 3.003 9.015 -18485 -6.715 -4.196 0.000
Nima et al (2017) -11.860 3.148 9.908 -18.029 -5691 -3.768 0.000
-12.247 2173 4720 -16.506 -7.989 -5637 0.000
-27.00 -13.50 0.00 13.50 27.00
K ME.SB+ (CHE-MET+CHE-P) MIE-SB4{CHE P +CHE-O) /

FIGURE 1. Results for the analysis of the mean bond strength of composite resins to base metal alloys
without aging. A. Surface treatment by using air abrasion + phosphate monomers (ME-SB+CHE-P) versus air
abrasion + R- monomers (ME-SB+CHE-R). B. Surface treatment by using air abrasion + phosphate monomers
(ME-SB+CHE-P) versus air abrasion + 4-MET monomers (ME-SB+CHE-MET). C. Surface treatment by using
air abrasion + phosphate monomers (ME-SB+CHE-P) versus air abrasion+ phosphate and sulfur monomers
(ME-SB+CHE-P+ CHE-Q). D. Surface treatment by using air abrasion + phosphate monomers (ME-SB+CHE-P)
versus air abrasion + phosphate and 4-MET monomers (ME-SB+CHE-P+CHE-MET). E. Surface treatment by
using air abrasion + R - monomers (ME-SB+CHE-R) versus air abrasion + 4- MET monomers
(ME-SB+CHE-MET). F. Surface treatment by using air abrasion+ R- monomers (ME-SB+CHE-R) versus using
R- monomers (ME-no treatment + CHE-R). G. Surface treatment by using air abrasion+ R- monomers
(ME-SB+CHE-R) versus air abrasion + phosphate and sulfur- monomers (ME-SB+ CHE-P+ CHE-Q).

H. Surface treatment by using air abrasion + R - monomers (ME-SB+CHE-R) versus air abrasion + phosphate
and 4-MET monomers (ME-SB+CHE-P+CHE-MET). I. Surface treatment by using air abrasion + 4-MET
monomers (ME-SB+CHE-MET) versus air abrasion + phosphate and sulfur monomers
(ME-SB+CHE-P+CHE-Q) J. Surface treatment by using air abrasion + 4-MET monomers (ME-SB+CHE-MET)
versus air abrasion + phosphate and 4-MET monomers (ME-SB+CHE-P+CHE-MET). K. Surface treatment by
using air abrasion + phosphate and 4-MET monomers (ME-SB+CHE-P+CHE-MET) versus

air abrasion+ phosphate and sulfur monomers (ME-SB+ CHE-P+CHE-Q).

other method developed greater bond ning phosphate and sulfur monomers created

strength of 7.10%£2.2 MPa, and this diffe-
rence was significant (P<0.05).

8. Comparing the two preparation methods
of ME-SB+CHE-R and
ME-SB+(CHE-P+CHE-MET) (Figure 1-H), the
air abrasion method and the chemical com-
pounds containing phosphate monomers and
4-MET developed greater bond strength, but
this difference was not significant (P>0.05).
9. Comparing the two preparation methods
of ME-SB+CHE-MET and
ME-SB+(CHE-P+CHE-Q) (Figure 1-I), usage
of air abrasion alongside compounds contai-

greater bond strength of 11.4 MPa compared
to the other method, and this difference was
significant (P<0.05).

10. Comparing the two preparation methods of
ME-SB+CHE-MET and ME-SB+(CHE-P+CHE-MET)
(Figure 1-J), utilization of air abrasion method
as well as 4-META and phosphate monomers
yielded greater bond strength compared to the
other method, and the difference was signifi-
cant (P<0.05).

11. Comparing the two preparation methods
of ME-SB +(CHE-MET+CHE-P) and
ME-SB+(CHE-P+CHE-Q) (Figure 1-K), ap-
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First Mechanical/ Number Bond Mean bond Standard
author chemical surface of Storage conditions | strength strength devtation
/ Year treatment™ samples test (MPa)

Chung ME-SB+CHE-P 30 Half: 1000 cycles 15.4 3.14

/1993 ME-SB+CHE-MET 10 5-55TC Tensile 15.4 3.14

ME-SB+CHE-R 20 Half: 23C/6 months 12.25 -+
Proano ME- no treatment-+ 14 30C water/28 days 12.95 0.07
/1998 CHE-C+CHE-Si - 2000 cycles Shear 58 09
ME-SB+CHE-Si 5-55C : :
Dos santos ME-SB+ CHE-P
/2006 ME-SB+ 20 30C water/1 day 13.48 6.95
(CHE-C+CHE-Si) 10 1000 cycles Shear 25.24 3.46
(ME-SB+ME-E) + 20 5-55C 14.68 2.22
CHE-R
Ikemura ME-S+CHE-P+
/2011 CHE-Si 6 37C water/1 day 26.9 6.8
ME-SB+(CHE-P+ 6 2000 cycles Shear 29.7 7.1
CHE-Si+CHE-MET) 6 4-60C 14 38
ME-SB+CHE-P
Koccagoalu ME-SB+ME-E+
12015 CHE-P 10 37?23’;‘:;’3 oA NPV 19.75 L1
(ME-SB+ME-B)+ 10 5.55C 4.55 0.25
CHE-Si
Madani ME-SB+CHE-R
12015 (ME-SB+ME-L)+ g 5 0.7
CHE-R 3 37C water/1 day 10.6 2.8
ME-SB+(CHE-C+ g 1000 cycles Shear 18-5 4'1
CHE-Si) 3 5-55C 9'2 3'?
(ME-SB+ME-) ’ ’
+(CHE-C+CHE-Si)
Yol | Rt 5 37C water/8 days 3.12 1.16
) - 5 1000 cycles Shear 6.56 2.88
ME-no treatment-+ 5 5.55C 13.81 41
(CHE-C+CHE-Si) ’ )
Nima/ 2016 ME-SB+CHE-R
ME-SB+ > 6.9 22
(CHE-P+CHE-Q) 15 37C water/| day 16.76 4.69
ME-SB CHE-P 15 5000 cycles Shear 17.4 9.62
ME-SB CHE-MET 5 5-55C 7.8 1.2
ME-SB+ ) 6.7 1.4
(CHE-MET+CHE-P)
Nima/ 2017 ME-SB+CHE-R
ME-SB+ 14 13.05 8.69
(CHE-P+CHE-Q) 21 37C water/1 day 16.76 4.69
ME-SB+CHE-P 14 5000 cycles Shear 13:33 17.88
ME-SB+CHE-MET 7 5-55C 7.8 1.2
ME-SB+ 7 6.7 1.4
(CHE-MET+CHE-P)
Khoroushi ME-E+CHE-MET
12008 ME-SB+CHE-MET e 1000 cycles iy g e
(ME-SB+ME-E) 10 5-55C 12' 77 2‘38
+CHE-MET ) i
Nakhaei ME-SB+CHE-R
/2016 ME-SB 8 37C water/1 day 5 0.7
(CHE-C+CHE-Si) 8 5000 cycles Shear 18.5 4.1
(ME-SB+ME-L) 16 5-55C 7.9 1.8
+CHE-Si
Yasini/ ME-SB+CHE-R 10 17.6 2.85
2007 ME-SB+CHE-Si 10 3 fo‘ggtiﬁ flg:‘ys — 14.72 1.2
ME-SB+CHE-Q 10 5_553;: 19.04 22
ME-SB+CHE-P 10 21.37 2.1

Continued on next page
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Continued from previous page

v e o 40 8.32 477
40 1000 cycles 5-55C Shear 7.52 0.84
(CHE-P+CHE-Q) 40 9.43 4.65
ME-SB+CHE-P E :
Painiya/ ME-SB+CHE-R 10 37C water/1 day 14.32 315
2012 ME-SB+ 20 5000 cycles Shear 18.99 8.01
(CHE-P+CHE-Q) 5-55C ) '
Pilo/ 2016 | ME-no treatment 10 37C water/S days 56 23
B SR GHETE | 10 3000 cycles Shear 20.9 2.5
(CHED 7EHESD) 20 5-55C 26.25 021
ME-SB+CHE-Si ) )
Raeisosadat 37C water/1 day
12014 ME-SB+CHE-P 20 2000 cycles Shear 15.86 3.95
5-55C
An/2011 | (ME-SB+ME-E) - 1000 cycles
+CHE-P 20 5.55C Shear 8.38 0.56

TABLE 4. Demographic data of included studies in aged base metal group

plying air abrasion method and the com-
pounds containing phosphate and sulfur
monomers developed greater bond strength
on average by 12.24 MPa compared to the
other method, and this difference was signifi-
cant (P<0.05).

Descriptive and analytical statistics related to
the base metal alloy group with aging

Out of the 39 obtained studies, data extracted
from 17 studies were placed in the base metal
group undergoing aging (6, 32, 46, 52, 53,
57-59, 62-69) (Table 4). The major surface pre-
paration method used in this group was usage of
air abrasion with aluminum oxide particles and
application of chemical compounds of R group,
which had been used by eight studies, and
showed a strength range of 5-14.32 MPa. It was
followed by usage of air abrasion with aluminum
oxide particles and compounds with phosphate
monomers in seven studies with bond strengths
of 15.43-21.37 MPa. The third rank belonged to
combination of air abrasion method with alumi-
num oxide particles and the particles coated
with silica and usage of silane with an bond
strength range of 18.5-25.24 MPa in four studies,
followed by application of air abrasion method
with aluminum oxide particles and chemical
compounds containing 4-MET in three studies
with the bond strengths of 1.98-15.4 MPa, air
abrasion method with aluminum oxide particles
and use of silane in three studies with bond
strengths of 5.8-26.25 MPa, and use of air abra-
sion method and concurrent use of compounds

containing sulfate and phosphate monomers
with the bond strengths of 7.52-18.99 MPa.
Other methods presented in the table were used
less than three times.

The maximum composite bond strength
across the 17 studies had been obtained by ap-
plying the air abrasion method with aluminum
oxide particles and use of compounds contai-
ning phosphate monomers, monomers contai-
ning 4-MET, and silane (29.7 MPa) (65). On the
other hand, the minimum bond strength had
been achieved by applying air abrasion method
with aluminum oxide particles and usage of
compounds containing 4-MET monomer (46).

As at least two surface preparation methods
were repeated in eight studies, meta-analysis
could be performed. Six dual combinations were
obtained from repeated preparation methods.
Comparisons made between the repeated dual
compounds are as follows:

1. Comparing the two preparation methods

of ME-SB+CHE-P and ME-SB+CHE-MET

(Figure 2-A), usage of air abrasion method

and phosphate monomers developed greater

bond strength by 0.1 MPa on average com-
pared to the other method, but this diffe-
rence was not significant (P>0.05).

2. Comparing the two preparation methods

of ME-SB+CHE-P and ME-SB+CHE-R

(Figure 2-B), usage of air abrasion method

and phosphate monomers created greater

bond strength with the difference being sig-
nificant (P<0.05).

3. Comparing the two preparation meth-

ods of ME-SB+CHE-P and ME-SB+
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(CHE-MET+CHE-P) (Figure 2-C), usage of air 4. Comparing the two preparation methods

abrasion method and phosphate monomers Of. ME-SB+CHE-MET and ME-SB+CHE-R
(Figure 2-D), usage of 4-META compound

yielded greater bond strength and this diffe- created less bond strength, but this difference
rence was significant (P<0.05). was not significant (P>0.05).

(a A

Study name Statistics for each study Diff in means and 85% Cl
Difference Standard Lower Upper
in means error Variance  limit limit 2-Value p-Value
Chung etal(1893)  0.000 1147 1315 2247 2247 0000  1.000 -!- |
Nima et al{2017) 5.550 6.853 46.970 -7.883 18.983 0.810 0.418
0.151 1.131 1279 -2065 2368 0.134 0894 * |
-23.00 -11.50 0.00 11.50 23.00
\_ ME-SB+CHE-P  ME-SB+CHE-MET /
Study name Statistics for each study Difference in means and 95% CI
Difference Standard Lower Upper
in means enor Variance  limit limit Z-Value p-Value
Chang et al(1993) 3.150 1012 1024 1.166 5134 3113 0.002 -
Nima et al(2016) 10.500 4414 19.481 1.849 19.151 2379 0017
Yasini et al(2007) 3.770 1119 1253 1576 5964 3368 0.001 -
Yasini et al(2018) 1.110 1.298 1679 -1429 3649 0857 0.392
3.008 0.643 0413 1749 4268 4681 0.000 .
-19.00 -9.50 0.00 8.50 19.00
\_ ME-SB+CHE-P  ME-SB+CHE-R /
/c. )
Btudy name Statistics for each study _Difference in means and 95% C1_

Difference Standard Lower Upper
in means error  Varance  limit limit Z-Value p-Value

Nima et al(2016) 10.700 4394 19311 2087 19313 2435 0.015
Nima et al(2017) 6.650 6818 46482 6713 20013 0975 0329
9.511 3694 13843 2272 16751 2575 0.010

-25.00 -12.50 0.00 12.50 25.00

ME-SB+CHE-P  ME-SB+(CHE-MET+CHE-P) /

N
(i )

name Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper
Inmeans error  Variance limit limit Z-Value p-Value

Chung et al(1993) -0.841 0.402 0.162 -1.629 -0.053 -2.091 0.037
Nima et al(2017) 0.727 0.476 0.227 -0.206 1.661 1.527 0.127
-0.188 0.307 0.094 -0791 0414 -0613 10.540

-4.00 -2.00 0.00 2,00 4.00

\ ME-SB+CHE-MET  ME-SB+CHE-R /
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(B )

Study name Statistics for each study Difference in means and 95% CI
Difference Standard Lower Upper

in means error Variance  limit limit Z-Value p-Value
Yasini et al (2016) 0.800 0766 0586 -0.701 2301 1045 0.29 F s
Pamniya et al (2012) -4.670 2.647 7.009 -9859 0519 -1.764 0.078
Nima et al (2016) -9.860 2202 4849 -14176 -5544 -4478 0.000 —_—

-0850 0698 0487 2018 0717 -0832 0351 : 3
-15.00 -7.50 0.00 7.50 15.00

k ME-SB+CHE-R ME-SB+({CHE-P+CHE-Q) /

(. N

Study name Statistics for each study _Difference in means and 95% CI
Difference Standard Lower Upper
in means error Variance  limit limit Z-Value p-Value
Proano et al (1998) 7.150 0.236 0056 6688 7612 30342 0.000 .
Pilo et al (2016) 2.750 0.553 0306 1666 3.834 4973 0.000 .
4978 2.200 4839 0667 9290 2.263 0.024
-12.00 -6.00 0.00 6.00 12.00

K ME no trestments{CHE .C+CHE--SI) ME SBCHE 51 j

FIGURE 2. Results for the analysis of the mean bond strength of composite resins to base metal alloys with
aging. A. Surface treatment by using air abrasion+ phosphate monomers (ME-SB+CHE-P) versus air
abrasion + 4-MET monomers (ME-SB+ CHE-MET). B. Surface treatment by using air abrasion+ phosphate
monomers (ME-SB+CHE-P) versus air abrasion + R - monomers (ME-SB+CHE-R). C. Surface treatment by
using air abrasion + phosphate monomers (ME-SB+CHE-P) versus air abrasion+ Phosphate and 4-MET
monomers (ME-SB+CHE-P+CHE-MET). D. Surface treatment by using air abrasion + 4-MET monomers
(ME-SB+CHE-MET) versus air abrasion + R- monomers (ME-SB+CHE-R). E. Surface treatment by using air
abrasion + R - monomers (ME-SB+CHE-P) versus air abrasion + phosphate and sulfur monomers
(ME-SB+CHE-P+CHE-Q). F. Surface treatment by using air abrasion + silane application (ME-SB+CHE-Si)
versus using cojet technique and silane application (ME-SB+CHE-C+CHE-Si).

5. Comparing the two preparation methods compared to the other method, but this dif-
of ME-SB+CHE-R and ME-SB-+(CHE-P+CHE-Q) ference was not significant (P>0.05).

6. Comparing the two preparation methods
o _ of ME-no treatment + (CHE-C+CHE-Si) and
containing phosphate in sulfur monomers a ME-SB+CHE-SI (Figure 2-F), usage of Cojet

(Figure 2-E), usage of chemical compounds

created greater bond strength on average method and silane created greater bond
Kirst Mechanical/ chemical NS Storage Bond Mesin boiid Standard
il surface treatment* o conditions Srengin mrenctr deviation
/ Year samples test (MPa)
Jain (ME-E+ME-B)+
/2013 (CHE-P CHE-Si)
(ME-E2+ME-B)+CHE-P ”
mEsEns |1 |
CHE-MET 10 5000 cycles ! 1'86 2'24
(ME-E2+ME-B)+ 10 5-55C Shear 18.61 iiﬁ
(CHE-P+CHE-Si) 10 37C water/7 days ]4.98 ) '_;,3
(ME-E2+ME-SB)+ 10 ]3'24 2'72
CHE-P ’ ’
(ME-E2+ME-SB)+
CHE-MET

TABLE 5. Demographic data of included studies in aged porcelain + base metal group
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strength in comparison to air abrasion with
aluminum oxide particles and use of silane
on average, and this difference was significant
(P<0.05).

Descriptive statistics related to the
ceramic-base metal alloy group

plus aging

In a study (27) which had examined the strength
of the shear bond of the composite to
ceramic-base metal alloy samples prepared un-
der aging conditions (Table 5), application of air
abrasion and surface etching with hydrofluoric
acid plus usage of phosphate monomer com-
pounds and silane yielded the maximum ave-
rage magnitude of the composite bond strength
to the surface (18.16 MPa).

Errect OF MECHANICAL AND CHEMICAL SURFACE PREPARATION METHODS ON THE BOND STRENGTH IN REPAIRING THE SURFACE OF METAL-CERAMIC CROWNS

Descriptive and analytical statistics related
to the ceramic-base metal alloy group
without aging

Among four other studies (18, 76, 49, 50) the
strength of the shear bond of the composite resin
to the ceramic-base metal alloy samples without
applying thermal cycles (Table 6) was maximum
in the group in which air abrasion, surface et-
ching with hydrofluoric acid, and phosphate
compounds had been used. Further, in the group
where only R chemical compound had been
employed, the minimum bond strength
(4.43 MPa) was obtained (49). As at least two
surface preparation methods had been repeated
in two studies, meta-analysis could be per-
formed. A dual combination was obtained from
the repeated preparation methods. The compa-

. Mean
First Mechanical/ chemical ARG Storage Bond bond Standard
author o of i strength i
/ Year surface treatment samples conditions cest strength | deviation
p
(MPa)
Chung | B+P: ME-no treatment-+
/1997 CHE-R
B+P: ME-no treatment+
CHE-MET 30 4.43 0.11
B+P: ME-no treatment+ 10 104 1.2
CHE-P 20 7.7 2.54
B: ME-SB+CHE-R/ 30 37C water/ 8.66 0.49
P:ME-E,+CHE-R 10 lc}:a er Shear 14.7 2.8
B: ME-SB+CHE-MET/ 20 Y 14.8 0.7
P:ME-E;+ CHE-MET 30 7.96 0.4
B: ME-SB+CHE-P/ 10 134 1.7
P:ME-E1+ CHE-P 20 8.15 0.35
B+P: ME-SB+CHE-R
B+P: ME-SB+CHE-MET
B+P: ME-SB+CHE-P
Yesil 300 cycles
/2007 B+P: ME-SB+CHE-P 7 5-55C Shear 11.3 2.67
B+P: ME-B+CHE-P 7 37C water/ 112 1.83
Tdays
Yesil 200 cycles
/20071 B+p: ME-SB+CHE-R 12 -35C | shear 6.0 1.79
37C water/
7days
Gourav B+P: ME-SB+CHE-R
/2013 B: ME-SB+CHE-R/
P: (ME-SB+ME-E)+ 30 9.04 1.2
CHE-R 30 8.33 1.42
B+P: (ME-E,+ME-B)+ 30 G | S 6.13 1.44
CHE-R 30 4,58 1.07
B+P: ME-no treatment+
CHE-R

TABLE 6. Demographic data of included studies in non-aged porcelain + base metal group
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rison made between the dual repeated com-
pounds in the studies is as follows:

Comparing the two preparation methods of
ME-SB+CHE-R and ME-no treatment +CHE-R
(Figure 3), usage of air abrasion method deve-
loped greater bond strength compared to the
other group, and this difference was significant
(P<0.05). 4

DISCUSSION

he aim of this systematic review and meta-

analysis was to organize information about
the effect of different chemical and physical sur-
face preparation methods for ceramic-metal
crowns on the bond strength in repairing frac-
tured ceramic with composite resins. A syste-
matic review should be performed based on a
clear research question as well as specific inclu-
sion and exclusion criteria.

This systematic review and meta-analysis in-
cluded 39 studies. The data extracted from them
indicated a great diversity in their approach to
applying mechanical and chemical methods for
preparing the surface of substrates, which made
it difficult to directly compare the results.

Various physical and mechanical surface
methods have been proposed for this purpose,
including air abrasion with aluminum oxide par-
ticles (7, 22, 23), etching surface with ac-
ids (25-27), roughening the surface with burs
(28, 29), use of laser (30-32), air abrasion with
silica-coated aluminum oxide particles (7, 34, 35),
tin plating noble metals (36), and use of chemi-
cal compounds containing functional monomers
(37-40). In addition, alloys used for ceramic-
-metal restorations are composed of different
elements which influence their surface prepara-
tion (70).

The bond strength of the composite resin to
substrates was examined in two groups of aging
and without aging. Most studies have suggested
that applying thermal cycling leads to dimi-
nished bond strength of the composite
resin (32, 46, 71, 72). However, some other
studies did not confirm this (45, 52). For this rea-
son, in this study, applying and not applying
aging has been considered. There are also con-
troversies over the proper number and manner
of applying thermal cycling (7, 73, 74). Since teeth
in the mouth environment are subjected to ex-
treme limits of thermal stresses 10 times per day
on average (46, 64) at least 1 000 thermal cycles
were considered as aging. This number of cycles
is equivalent to three months of exposure to the
mouth environment. Therefore, studies in which
the samples had been kept at least three months
in water or at least 1 000 thermal cycles had
been applied before performing the test of bond
strength on them were placed in the aging group.

In the base metal alloy group which had not
undergone aging, usage of compounds contai-
ning phosphate and 4-META monomers as well
as concurrent use of compounds containing sul-
fur and phosphate monomers resulted in a sig-
nificant increase in the bond of the composite
resin compared to usage of monomers without
the above-mentioned functional groups on the
air abraded surface. Increased composite resin
strength to the air abraded surface following use
of compounds containing 4-METAmonomers
and concurrent usage of compounds containing
sulfur and phosphate monomers was observed
in comparison to applying phosphate monomer
compounds (25, 52, 56-61). Usage of com-
pounds containing phosphate monomers or
4-META monomer alone as well as concurrent
use of compounds containing sulfur and phos-

@ name

Statistics for each study

Difference Standard Lower Upper

in means error Variance  limit limit
Chung et al (1987) 3.530 0.076 0.006 3.382 3.678
Gourav et al (2013) 4.460 0.294 0.086 3.885 5.035
3.8952 0.463 0.214 3.044 4859

\_

~

Difference in means and 95% CI

Z-Value p-Value

46606 0.000
15194  0.000
8.535 0.000

-8.00 -4.00 0.00 4.00 8.00

ME-SB+CHE-R ME-no treatment+ CHE-R /

FIGURE 2. Results for the analysis of the mean bond strength of composite resins to porcelain fused to base
metal alloys without aging when surfaces were treated by using air abrasion + R-monomers versus using

R-monomers

220 Muaedica | Adournal of Clinical Medicine, Volume 1%, No. 2, 2020



phate monomers resulted in a significant in-
crease in the bond strength of the composite
resin to the air abraded surface as compared to
simultaneous usage of phosphate and 4-META
monomers. Air abrasion with aluminum oxide
particles leads to clearance of superficial con-
taminations, increased wettability of the surface
by resins, enhanced surface roughness, and
stronger bond of the composite resin to the sur-
face (7, 20, 21). 4-MET molecule is essentially
known as an bond promoting and deminerali-
zing molecule (35, 76). The two carboxylic
groups attached to the aromatic group in it cause
improved wettability (39). The thiol group pre-
sent in sulfate compounds chemically reacts with
metals and bonds with metacrylate-based resins
(52). The minimum bond strength among the
studies, given the differences across the studies,
was related to the group of etching with hydro-
fluoric acid and 4-MET group (46). This can be
attributed to inadequate fixation resulting from
dissolution of inter-dendrite structures in
nickel-chromium-beryllium alloys (24, 25,76, 77).

In the base metal alloys group not subjected
to aging, shear test had been used across all stu-
dies, except for Cheng et al.’s study who had
employed tensile bond strength test (45). Among
the advantages of the shear bond strength test
are easy usage and the force being perpendicu-
lar to the attached region. The disadvantages,
however, include unbalanced distribution of
stresses and the chance of incidence of failure in
the composite structure and development of er-
ror in interpreting the results. In the tensile
strength test, the forces are exerted to the sample
vertically and there is little chance of developing
internal defects in the composite resin. Howe-
ver, preparation of samples in this test requires
high accuracy to prevent development of inter-
nal defects. Indeed, drawing a conclusion is dif-
ficult given the differences in the methodologies
of the above studies.

In the group of base metal alloys undergoing
aging, the maximum composite bond strength,
given the differences between study methodolo-
gies, was obtained by applying the air abrasion
method with aluminum oxide particles and us-
age of compounds containing phosphate mono-
mers, 4-MET monomers, and silane (65). Air
abrasion with silica-coated aluminum oxide par-
ticles developed greater bond strength com-
pared to usage of air abrasion with aluminum
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oxide particles before using silane (P>0.05). Ap-
plication of compounds containing phosphate
monomers resulted in enhanced bond strength
of the composite resin to the air abraded surface
compared to application of 4-META monomers
(P>0.05). In another group of the same study,
combination of air abrasion with aluminum
oxide particles plus phosphate monomers and
silane yielded a relatively similar bond strength.
Phosphate monomers such as 10-MDP bond
with the cations of the oxide layer of base me-
tals. Further, the attaching groups of silane mole-
cule are degraded in acidic environments and
can cause development of active silanol groups.
With establishment of hydrogen bonds between
these active components, oligomers are formed,
while with loss of water when applying thermal
cycling, covalent bonds are developed (65). Ex-
cept for one study (45), tensile bond strength test
had been used in other studies of this group.

Silane is able to establish a chemical bond be-
tween organic and inorganic components, and
its application alongside the silica layer remai-
ning on the surface in response to the Cojet
method in the studies by Ozcan et al (7), Gug-
genberger et al. (31), and Proano et al. (32) re-
sulted in increased bond strength of the compo-
site especially to the ceramic surface. The results
of tests measuring bond strength are dependent
on many variables, and thus there is a need for a
single standard for performing experimental tests
that examine the bond strength. 0

CONCLUSION

pplication of mechanical and chemical sur-

face preparation methods can result in en-
hanced composite bond strength to the sub-
strate, which varies given the type of substrate.
Considering the findings and limitations of the
investigated studies, the following are reco-
mmended when preparing the surface of cera-
mic-metal crowns: concurrent use of mechanical
and chemical methods for preparing the surface
of ceramic-metal samples and usage of chemical
methods containing functional monomers.
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