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 الخلاصة

) وخشونة SBS: تدف هذا البحث لتقييم تأثير مادة التمهيدية للمعدن مع تأثير الحامض،و شعاع الليزر، والرمل التفجيري على قوة السندات القص (الأهداف

 5 مم. وتم تقسيم هذه اللوحات المعدنية إلى 1×10×10: أعدت خمسين لوحة معدنية من معدن الكروم كوبلت بابعاد  المواد وطرائق العمل).SRالسطح (

)، والرمل التفجير مع LP)، شعاع الليزر مع مادة التمهيدي المعادن (AP٪) مع مادة التمهيدي المعدنية (10مجموعات (بدون علاج)، محفرة بحمض الهيدروكلوريك (

: هناك فروق ذات دلالة النتائج). تم اختبار هذه الجماعات لقوة السندات القص وخشونة السطح. P)، و التمهيدي المعدن وحده (SPمادة التمهيدي المعادن (

 أعلى القص قيمة قوة السندات. بينما خشونة السطح APإحئاةية ق قوة السندات القص من عيع الموعات المعالجة على النقيض من سيطرة الجماعات، وكان 

 APمن العينات التم تم فحئها تبين السيطرة على الموعة أسلس سطح بالنسبة للمجموعات الأخرى، وليس هناك فرق كبير مع التمهيدي المعدن الوحيد وفريق 

 : التمهيدي المعدن يحسن قوة الرابطة بين كوبلت  الكروميوم و راتنجالاكريليك المتئلب كيماةيا للاسطحالمعلاجة مع الاستنتاجاتكان أعلى الأسطح خشونة. 

) SP، وP ،AP ،LPحامض الهيدروكلوريك . زيادة  ق السندات القص وخشونة السطح ق لوحة معدنية. و خشونة لسطح المعدن عن طريق العلاج المختلفة (

  من السندات المعدنية لراتنج.SBSتطوير 

ABSTRACT 
Aims: to evaluate the effect of metal primer with acid etch, laser beam, and sand blasting on shear 
bond strength(SBS) or resin metal and surface roughness(SR). Materials and methods: fifty Co-Cr 
metal plate were prepared with 10X10X1 mm dimensions. These metal plates were divided in to 5 
groups control (without treatment), acid etched with hydrochloric acid(10%) with metal primer(AP), 
laser beam with metal primer(LP), sand blasting with metal primer(SP), and metal primer alone(P). 
These groups were tested for shear bond strength of resin to metal and surface roughness. Results: 
there are a significant differences in shear bond strength of all treated groups in contrast to control 
groups, and the AP had the highest shear bond strength value. While surface roughness of tested 
samples shows the control group smoothest surface in relation to other groups and there is no 
significant difference with metal primer only and  the AP group had higher surfaces roughness. 
Conclusion: metal primer improve bond strength between Co-Cr and chemical cured acrylic resin, the 
treating surface with HCL acid increase SBS and SR of metal plate. The roughening of metal surface 
by different treatment ( P, AP, LP, and SP) improve the SBS of metal bond to resin. 
Key words: Metal primer, Shear bond strength, surface roughness, Co-Cr. 
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INTRODUCTION 
In prosthodontics, the attachment of a 

resin matrix to a metal framework may 
pose significant difficulties.P

(1)
P Acrylic-

resin bases are attached to the partial den-
ture framework by means of a minor con-
nector designed (nail head, mesh, and la-
derlike )so that a space exists between the 
framework and the underlying tissues of 
the residual ridge. The minimal inter ridge 
space may compromise denture base space 
which lead to breakge or spration, this se-
paration that occurs between the acrylic-

resin and the metal can eventually lead to 
some loosening of the acrylic resin base.P

(2) 
Additions to a removable partial  

denture are usually simply made when the 
bases are made of resin. The addition of 
teeth to metal bases is more complex and  
necessitates casting a new component and 
attaching it by soldering or creating  
retentive elements for the attachment of a 
resin extension.P

(2) 
A variety of methods are available to 

bond resin materials to prosthetic alloys.  
Bonding systems may be categorized as 
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mechanical, chemical, or a combination of 
the two. Mechanical systems include the 
use of retentive mesh, loops, or beads, 
sometimes aided by etching and/or  
sandblasting.(3,4) 

Jemt(5) reported frequent resin-metal 
bond failures during the first year after 
insertion. Jacobson(2) noted that  
differences in coefficient of thermal  
expansion between the resin and the alloy 
potentiated gap formation and adverse soft 
tissue reactions. 

The bond strength of the resin-metal 
interface of a prosthesis is a key factor in 
determining the serviceability of that  
prosthesis. Separation of the resin from the 
metal due to a compromised or weak bond 
can lead to microleakage, discoloration 
and total separation of the resin from the 
metal.(6) 

Micromechanical retentive elements 
and chemical bonding systems purport to 
decrease the necessity for macro mechani-
cal retention. They offer the advantage of 
reduced impingement of the metal frame-
work on the resin matrix; with the in-
creased bulk of resin comes increased 
strength. These elements and systems also 
have the advantage of a reduced gap at the 
resin-metal interface and therefore less 
susceptibility to deboned.(7) 

The laser-etching surface treatment 
showed a significant difference in  
improving bond strength to a low fusing 
porcelain, as compared to acid-etching and 
machining surface treatment methods. The 
laser-etched surfaces demonstrated no  
significant difference in bond strength 
compared to airborneparticle- abrasion 
surfaces.(8) 

Reyes et al. (9) reported that hydroch-
loric acid treatment of the titanium sub-
strate is an effective method for improving 
bond strength with low-fusing porcelain. 
Husaaini et al (10) stated that airborne-
particle abraded specimens showed greater 
bond strength than acid-etched specimens.  

The bonding of resin to dental alloys 
has improved significantly over the last 
decade, and various bonding methods and 
techniques have been developed for base 
metal alloys, such as chemical etchant, and 
silica coating. The availability of adhesive 
primer for base metals that are capable of 
chemically bonding to a casting dental 

alloy has simplified the surface  
preparation of base metal alloys.(11) 

Aims of the study: The aim of this 
study was evaluate metal roughness and 
share bond strength of chemical cured 
acrylic resin to chrom cobalt metal base 
after different surface treatment and metal 
primer  (by hydrochloric acid, laser beam, 
and sand blasting) 
 

MATERIAL AND METHOD 
Shear bond strength: 

Twenty five square plate forum  
samples were prepared by chrom cobalt 
alloy (bego company , Germany) and  
divided to five groups; (1)control (C), (2) 
coated with metal primer (Ivoclar 
Vivadent AG, Liechtensteinonly)  applied 
for 180 second (P)(manufacture instruc-
tion), (3) treated with laser beam  and met-
al primer(LP) (50 watt, 20000 Hz, pul-
sated laser), (4) acid etch (hydocloric acid 
10%  30 minutes then rinse with stream 
water )(8) with primer(AP), and (5) sand 
blast (for 30 second at 6 bar at 4.5 cm dis-
tance between nozzle and sample with 
aluminum oxide 125 µm)(13) with primer 
(SP).  the samples were fabricated from 
sheets of wax with 10X10X1 mm ( length 
X width X thickness respectively) . These 
square samples were sprued and invested 
in a phosphate-bonded investment (4 spe-
cimens in each ring), according to manu-
factures instruction. The alloys were 
melted in crucibles, the metal was melted 
in broken arm centrifuge using gas-oxygen 
torch. The sprue was removed using  
carbo-randum wheel. The specimens were 
finished with aluminum oxide stones 
(74µm grit). Then, the side to which the  
acrylic resin was bonded further grinded 
with carbide bur in one direction and  
polished with rubber disks. (14) After  
surface treatment of the polished surface 
that suggested for each group the cold 
cured acrylic resin(dentsply, Italy) were 
applied as follows: copper ring 5mm in 
diameter and rubber piston to condense the 
resin dough 3mm total thickness. The 
acrylic resin cylinder of each specimen 
was embedded in an acrylic resin cylinder 
using plastic ring to match the direction of 
the applied shear force. The metal was 
completely separated from the acrylic by a 
thin cellophane layer with an opening  
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exposing the resin layer alone (Figure 1). 
(12) The samples stored in 37C˚ distilled 
water for 24 hours (15), then The specimens 
were loaded to deboned  by applying a 
shear force to the exposed metal part of 
the specimen as the resin part was  

embedded in acrylic, until bond failure 
occurs. Shear bond strength was then 
measured with a universal testing machine 
(Digital Force Gauge, IMADA CO, Japan)  
at cross-head speed of 0.5mm/min.(16) 

Shear strength (MPa) =F/A 
 

 
Figure (1): Sample preparation for shear bond strength. 

 
Surface roughness test: 

Twenty five metal plate samples with 
10X10X1 mm were prepared and finished 
and polished as mentioned for shear bond 
test then treated with different surface 
treatment ( C, P, LP, AP, and SP) in simi-
lar manner for shear bond test. then the 
treated surfaces were tested by profileme-
ter (Tylor-Hobson, England) in 3 different 
site for same sample to find the difference 
in surface roughness between the 4 treat-
ment methods in contrast to control group, 
using the following parameters.(17) 
Cut off: 2.5mm, and amplification: 5000, 
Roughness average. 

Mean, standard deviation, analysis of va-
riance and Duncan's multiple rang test 
were carried out as statistical analysis for 
data by using SPSS statistical program. 
 

RESULT 
Table (1) showed mean and standard 

deviation of shear bond strength of acrylic 
resin with Co-Cr metal plate, ANOVA 
(Table 2) demonstrated that there is a 
nificant differences (P≤0.05) in shear bond 
strength between different surface treat-
ment groups of metal plate to bond with 
acrylic resin. 

 
Table (1): mean and standard deviation of shear bond strength of acrylic resin 

with metal by different surface treatment. 
 
 
 
 
 
 
 
AP: acid etch with metal primer; LP: laser beam with metal primer; SP: sandblast with metal 
primer; P: metal primer. 
 
Table (2): ANOVA of bond strength of acrylic resin with metal by different surface treatment. 

Source of variance df Sum of squares Mean square f-value Significant 
Between groups 4 243.539 60.88 

63.281 0.000 Within groups 20 19.24 0.962 Total 24 262.78 

Variable Number Mean ± SD(MPa) 
Control 5 0.14±0.32 

AP 5 9.99±1.51 
LP 5 4.55±1.23 
SP 5 4.07±0.54 
P 5 4.79±0.75 
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Duncan's multiple rang test (Figure 2) 
revealed that all surface treatment groups 
had significant differences in relation to 
control group(0.14 ±0.32MPa), the HCL 

acid etch with metal primer (AP) had 
higher shear bond strength (9.99±1.51 
MPa) than other surface treatment of  
metal. 

 

 
Figure (2): Duncan's Multiple range test of  shear bond strength of  

acrylic resin with Co-Cr metal plate with acrylic resin. 
AP: acid etch with metal primer; LP: laser beam with metal primer; SP: sandblast with metal 
primer; P: metal primer. 
 

Table (3) showed the mean and stan-
dard deviation of surface roughness of 
metal surface with different surface  
treatments. Analysis of variance (Table 4) 

confirmed that there is significant  
differences between surface roughness of 
Co-Cr metal surface treated with different 
surface treatment. 

 
 

Table (3): mean and standard deviation of surface roughness of Co-Cr metal 
surface with different surface treatment 
Variable Number Mean ± SD(µm) 
Control 5 0.92±.003 

AP 5 3.06±0.53 
LP 5 1.38±0.18 
SP 5 1.64±0.12 
P 5 1.23±0.09 

AP: acid etch with metal primer; LP: laser beam with metal primer; SP: sandblast with metal 
primer; P: metal primer. 
 

 
 

Table(4): ANOVA surface roughness of Co-Cr metal surface with different surface treatment 
Source of variance df Sum of squares Mean square f-value significant 

Between groups 4 13.85 3.46 
49.69 0.000 Within groups 20 1.39 0.07 Total 24 15.24 

 
 

Figure (3) illustrated Duncan's  
multiple range test that showed there is 
higher surface roughness value of Co-Cr 
surface (3.06±0.53 µm) treated with HCL 

acid etch with metal primer in contrast 
with control (0.92±.003 µm) and other 
surface treatment. 
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Figure (3): Duncan's Multiple range test of  surface roughness of Co-Cr metal plate surface 

AP: acid etch with metal primer; LP: laser beam with metal primer; SP: sandblast with metal 
primer; P: metal primer. 

 
DISCUSSION 

Shear bond strength (SBS): 
According to the results of this study, 

there is significant differences in mean 
shear bond strength between metal and 
acrylic resin that treated with different  
surface treatment such as AP, LP, SP, and 
P in contrast to control. Thus, the results 
support rejection of the first null  
hypothesis, which stated that the use of 
different adhesive primers would provide 
bond strength similar to that  of the control 
group.(18) 

According to the requirements of the 
revised ISO 10477, the minimum  
acceptable shear bond strength value is at 
least 5 MPa.(19) 

The bond strength of the acrylic resin 
and metal for control group (0.14±0.32 
MPa ) is lesser than all other tested groups, 
AP(9.99±1.51 MPa) , LP(4.55±1.23 MPa) 
, SP(4.07±0.54 MPa) and P(4.79±0.75 
MPa). It was reported that the bond 
strength was higher as the bonding surface 
became rougher.(20) This differences in 
bond strength can be explained on the 
basis of differences in morphology. The 
use of hydrochloric acid produced micro-
undercuts depend on the acid concentra-
tion and the composition of the material 
etched.(21) 

Sand blasting abrasion creates surface 
roughness by cleaning the surface of metal 
oxides and other substances and increases 
the mechanical and chemical bond 
strength between metal and acrylic re-
sin.(22) This result agree with Sarafianouet-
al  which reported that Airborne-particle 

abrasion Al2O3 particles may result in 
improved bond strength, independent of 
the primer used(18).  

For metal plate with primer only the 
high shear bond strength (SBS)  than  
control may be due to that the SBS of base 
metal alloy may depend on the thickness 
of the oxide layer and the surface  
roughness of the alloy surface(23). This  
result agree with Kim etal(24) which stated 
that metal primer increase SBS of metal to  
resin.  

In case of LASER surface treatment 
the possible cause for high SBS in contrast 
to control group is the effect of surface 
etch and roughness by high energy power 
of laser(8). This result was agree with 
Gaggl et al(25)  reported that laser  
processing is a new method of treating 
implant surfaces to produce a high degree 
of purity with adequate surface roughness  
 
Surface roughness(SR): 

The result of this study showed 
that SR of all surface treatment was  
increased in relation to control group 
(0.92±.003 µm), in which the AP show 
significantly higher SR (3.06±0.53µm) 
this may be due to the effect of HCL acid 
which strong acid cause micro porous(21) in 
addition to the effect of phosphoric acid 
that present in the composition of metal 
primer. 

The sand blasting of metal plate had 
SR (1.64±0.12 µm ) which significantly 
differed from control group. This result 
may be due to the effect of pressurized 
aluminum oxide particles that not only 
affected the micromechanical roughening 
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of the surface, but it left alumina particles 
embedded in the surface(26). This is in 
agreement with Hofstede et al (27), where 
the shot blasting treatment increases the 
implant surface roughness by the  
impingement, at high pressure, of small 
abrasive particles.   

The metal plate with laser surface 
treatment show significant differences of 
SR (1.38±0.18 µm) in compare to control 
this due to using a pulsed laser that  
remove small particles from a metal  
surface that carried out by laser beam  
using a selected area irradiation at an  
optimum combination of incident power, 
interaction/pulse time and gas flow rate. 
At the initial stage, a plasma plume is 
formed due to ionization of the atoms  
vaporized from the surface and blocks the 
beam-surface contact. As the irradiation 
stops, the temporary compression on the 
surface changes into tension and causes 
spallation of the oxidized layer.(28) 

The SR of metal plate with metal 
primer only(1.23±0.09µm) had no signifi-
cant difference contrast with control, al-
though metal primer contain phosphoric 
acid in chemical structure but is not 
enough to cause  micro porosity.     
 

CONCLUSIONS 
The use of hydrochloric acid with 

metal primer to Co-Cr metal increase  
surface roughness and shear bond strength 
to chemical cured acrylic resin. 

Laser etching and sand blasting  
improve the roughness and bond resin to 
metal. 

Using metal primer on metal surface 
alter surface roughness of this metal and 
slightly increase bond to acrylic resin. 
Chemical cured resin easily debond from 
Co-Cr metal without using metal primer    
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