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ABSTRACT 

New trademarks appear on the dental market every year and it is difficult to determine 

whether they should be used in clinical praxis or not. Numerous studies have been 

carried out to investigate different types of materials, trying to declare which material is 

best suited for a certain type of restorations. The study objective was to investigate if 

there are any differences in the shear bond strength between a self-adhesive cement and 

an yttrium oxide-stabilized zirconium dioxide (Y-TZP) and a dental cobalt-chromium 

alloy (Co-Cr).  The null hypothesis was used. The hypothesis was that the shear bond 

strengths was the same when cementing the adhesive cement to the dental Co-Cr alloy 

and the yttrium oxide-stabilized zirconium dioxide. Twenty plastic embedded samples 

were used in this study, 10 specimens of Co-Cr alloy, and 10 specimens of Y-TZP. The 

cement was applied, and the specimen were stored in water of 37°C for 24 hr. The tests 

were performed with an UltraTester™ with the speed of 1 mm / min to measure the 

shear bond strength (SBS) between the adhesive cement, the Y-TZP and the Co-Cr 

alloy. The values where then registered. The mean value of the shear bond strength for 

adhesive cement and Y-TZP was 23.5 MPa, and for Co-Cr alloy 22.8 MPa. No 

significant difference in shear bond strength were found between the adhesive cement 

and the Y-TZP and the Co-Cr alloy, after being stored in water for 24 hrs, p > 0.05.  
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INTRODUCTION 

The number of dental papers being published is rapidly increasing, it is therefore hard to 

stay up to date. One way to summarize the articles is to make a systematic review. 

Systematic reviews imply the gathering of all accessible scientific literature of a specific 

field of a research. A systematic review involves the collection and transparent analysis 

of a large amount of research in a clearly defined area to answer predefined questions. 

The result will be based on the best research available at the time of review. Work is 

primarily systematic and transparent. This means, among other things, that the study 

depends on one or more obvious questions in a clear protocol and that the study is well 

documented (search, selection, training quality assessment and synthesis). We are 

reviewing all relevant research. The objective of open and systematic methods is to 

identify, select and group the results of the research to reduce the risk of arbitrary 

influence that affects the results. It is also necessary to monitor and evaluate the work as 

easily as selecting studies and collecting results. 

 

Searching for relevant literature is also made using a systematic procedure (SBU, 2017). 

Health technology assessment (HTA) began to be used in the US already in the early 

1970s as the basis for decision to introduce technologies and has since been given a 

global impact. HTA is today an important tool for decisions on the effective use of 

medical methods (Banta, 2003).  

 

Modern technology has revolutionized today's medicine. Our DNA can be mapped, and 

we can more accurate than ever predict risk of disease. Altogether do studies show an 

increased duration of lifespan, partially due to better and earlier diagnosis, treatment, 

etc. (SCB, 2012). 

 

In general dentistry it is more often than not that the teeth are stronger in their natural 

condition compared to when they are restored. Therefore, dentists aim to keep teeth 

intact as long as possible. A long-term evaluation showed that 48 % of the restorations 

were well functioning, the survival time of amalgam restoration were 12.8 years, resin 

restorations 7.8 years and more than 14.6 years for crowns. The most common reason 

for failure was fracture of restoration and the highest percentage of extractions was 
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related to premolars with amalgam restorations (Van Nieuwenhuyse et al., 2003).  

 

Loss of teeth causes a negative effect on people's socio-biological quality of life.  

A tooth in a patient mouth that is not functioning is also to be seen as a loss, even 

though it could be biologically beneficial not to extract it (supposed that it is non-

infected) while alveolar bone resorption, both in buccolingual and apicoronal 

dimension, is a natural consequence of tooth extraction. Loss of bone can be prevented 

by different methods such as immediate implant placement and bone grafting, though 

with inefficient results (Hansson and Halldin, 2012). Restorations can replace whole 

teeth or parts of teeth using Fixed Partial Dentures (FPD), implant supported dentures or 

Removable Partial Dentures (RPDs). Single gaps can be restored with crowns or 

implants, these restorations have high rate of survival, 90 % after five years. Extensive 

gaps can be restored with bridges, implants, and RPDs, and about 95 % of implant 

supported bridges can be expected to survive after 5 – 10 years. Complete toothless 

patients can be treated with implant supported bridges or prostheses with a similar 

survival rate. The scientific evidence is not sufficient to determine which treatment 

methods that provide the best results aesthetically and functionally or which are the 

most cost effective treatments. For the restoration to be counted as survived, it requires 

the restoration to last and function in the patients’ mouth (SBU, 2010). 

 

Zirconia has been considered an exceptional material with satisfactory properties when 

it comes to dental care. Its’ compression strength is high, 2000 MPa (Gautam et al., 

2016), which allows the material to withstand a variety of mechanical stresses. When a 

crack in the surface of the zirconia occurs by use, there is a reduction in crack spreading 

because the material has a crystalline modification. Zirconium dioxide exists in different 

crystalline structures: cubic, tetragonal and monoclinic structures. These different 

structures gives the materials different properties. It is preferable to have the tetragonal 

structure because it has the most satisfying properties, the tetragonal structure is 

achieved at the temperature of 1170 - 2370 °C (Lughi and Sergo 2010).  

 

To keep the zirconia in the tetragonal form at room temperature, stabilizing oxides are 

used (Gautam et al., 2016). Zirconia, on the other hand, can return to the monoclinic 
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structure from the tetragonal structure with increased age. It can also happen through 

drilling, sandblasting, cracking or water conditions that make the material transform. 

Water conditions can also cause fatigue in the bonding between the material by 

affecting the luting agent and inhibiting polymerization (Tzanakakis et al., 2016). 

When being stored in water for 24 hrs it loses heat and becomes colder, this is explained 

by the second thermodynamic rule. However, the low temperature degradation 

accelerates aging (Lughi and Sergo, 2010). 

 

Metallic alloys still play an important role in restorative dentistry. Extreme conditions in 

the oral cavity can cause complications such as corrosion. The metallic alloys are 

exposed to factors such as saliva, bacterial microflora, food, different mechanical 

forces, and in some cases other metals. The saliva has the ability to regulate low pH 

values, the presence of metals with different nobleness should be avoided, this may 

cause corrosion. Then there are microorganisms that can induce biological corrosion, by 

forming plaque causing a different environment that can thrive corrosion. Nickel-

chromium alloys (Ni-Cr), for instance, is being less used in dentistry since dental Co-Cr 

was introduced. In Sweden, however, Ni-Cr alloys are rarely used for prosthodontics, 

instead Swedish clinicians use Co-Cr alloys (Mystkowska et al., 2018). 

 

Self-polymerizing, light polymerizing, and dual cured cements are different types of 

adhesive cements. Not long ago the cements that were used required etching, priming 

and bonding as separate steps, which was very technically sensitive, complex and 

demanded more time in the chair for the patient. Now more recently,  self-adhesive 

cements have been developed that eliminates the previous three steps. The self-adhesive 

cements are based on new filler, monomer and initiator formulations. Etching, priming 

and bonding have now been replaced by acidic monomers that has combined glue and 

cement into a single application. The acidic monomer is phosphate-based and 

multifunctional, which allows it to react with fillers in the cement and the 

hydroxyapatite in the tooth. Self-adhesive cements are often preferred due to their 

combination of low-solubility and high strength components while providing ease of 

use (Sabatini et al., 2013). Self-etching and self-adhesive resin cements have recently 

been highlighted for luting inlays, onlays, crowns and posts, as compared to multi-step 
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systems. Self-etching and self-adhesive cements are said to be less technically sensitive 

and reduces postoperative sensitivity. 

 

With regard to the clinical situation, it should be considered that cements can easily 

transpire from the margins underneath the composite, it leads to equal pressure on the 

restoration. For example, a zirconia crown allows the cement underneath to pour out 

which gives an evenly thick layer of cement in the restoration that leads to an equal 

pressure. Elsewise in an advanced preparation for inlay, onlay or crown, hydraulic 

effects can occur, causing different areas with different pressures. When force equal to 

finger pressure is applied during the initial self-curing period to dual-curing self-etching 

and self-adhesive cement, strength and adaptation is increased (Goracci et al., 2006). 

 

The study obective was to study if there is any difference in shear bond strength 

between one self-adhesive cement and a dental Co-Cr alloy and an yttrium oxide-

stabilized zirconium dioxide. The null-hypothesis was used. The hypothesis was that 

shear bond strengths does not differ when cementing an adhesive cement against a 

dental Co-Cr alloy and an yttrium oxide-stabilized zirconium dioxide. 

 

MATERIAL AND METHODS 

Twenty plastic embedded cylindrical samples were used in this study, 10 specimens of 

Co-Cr alloy (n = 10; Ø 8.0 mm, height 7.9 mm) Wirobond 280 (Batch nr 133640413, 

Bego, Bremen, Germany), and 10 specimens of Y-TZP (n = 10; Ø 12.7 mm and height 

12.7 mm) Y-TZP Everest ZS-16 (Batch nr 101971783, Kavo, Biberach, Germany). 

 

Pretreatment 

The surfaces of the specimens were grinded at a 90 degree angle against a diamond 

sheet (Wassermann-DIA-Quick) to get a completely flat surface. The surfaces were then 

polished with sandpaper (FEPA P#320, Struers A/S, Copenhagen, Denmark). The 

surfaces were sandblasted with Renfert Vario basic, 110 µm aluminum oxide (particle 

size), 50 µm glass beads, and steam blasted with a steam cleaner with a pressure of 

6 bar. 
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Cement application / curing light 

The bonding mold insert was fixed to the bonding clamp to facilitate the application of 

the self-adhesive cement, Fig. 1a. The self-adhesive resin cement (Rely-X™ Unicem 2 

Automix, batch nr: 667650, 3M ESPE, Neuss, Germany) was applied in the middle of 

the specimen with the bonding mold insert (Ø 2.3 mm, height 2.0 mm). The test base 

clamp with specimen is shown in Fig. 1a.  

 

The adhesive cement was light cured during 2 sec and a pressure was applied for 3 min 

using a condensing instrument and then light cured for another 20 sec and then for 40 

sec with Ivoclar Vivadent Bluephase Style (Ivoclar Vivadent, Mississauga, Canada). 

 

The curing light Bluephase Style is a slim version of curing light that is uniquely 

designed to facilitate access to small and tight areas. A halogen-like Polywave LED 

with a spectrum of 385 - 515 nm therefore suits for curing most dental materials and has 

a large treatment field, 10 mm light probe. The function of the curing light was tested 

using Ivoclar Vivadent Bluephase meter II, (Ivoclar Vivadent incorporation, 

Mississauga, Canada). The Ivoclar Vivadent Bluephase measuring device displayed 

1200 mW per cm2. 

 

Test of shear bond strength 

The specimens were stored in water of 37°C for 24 hrs. The test samples were 

numbered from 1 - 20, then with the help of a randomized system the samples were 

picked one by one. A razor blade was used for removing the excess of cement around 

the specimen. The tests were performed with the piston speed of 1 mm/ min. The test 

machine used was the UltraTester™ by Ultradent Products inc. South Jordan, USA. A 

specimen mounted in the Ultratester™ is shown in Fig. 1b. 

 

Statistical analysis 

The statistical analysis was performed using Mann-Whitney test to determine if there 

was a significant difference in shear bond strength between the self-adhesive cement 

and Y-TZP and the Co-Cr alloy. The significance level was set to p < 0.05. The reason 

why we used the Mann-Whitney test is because the data we collected from this study 
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was not normally distributed. When data is normally distributed, a t-test is usually used. 

The data we received from our tests did therefore not fit to the t-test but did fit the 

Mann-Whitney test better.  

 

Literature search 

The literature for this study was collected from the database PubMed. The following 

MeSH-terms were used: “Shear strength”, “Dental Cements”, “Resin Cements”, 

“Chromium Alloys”, and “Dental Porcelain”. 

 

The database PubMed also suggested articles similar to the ones we were searching for. 

We would occasionally read those articles in hope of finding relevant ones to our study. 

Fig. 2 demonstrates our selection procedure of papers. 

 

Reflection of ethical issues 

It is well documented that dental metals can cause allergic reactions (Levi et al., 2012). 

Each type of metal has its own rate of allergic reactions. Scientific evidence regarding 

different types of materials should exist before it becomes part of patients’ treatment. 

The reactions can appear in various ways, some tend to be expressed as a form of 

eczema others are expressed as swellings. Apart from eczema and swelling, defects in 

the material, for example, partial prostheses whose retention is impaired due to being 

bent from use, can disappoint patients and therefore the understanding of materials used 

to create the prosthesis is of great importance. 

 

However, this study does not involve any practical tests on animals or humans. 

Therefore, this study does not use physically invasive procedures. Documents that have 

been included in this study have been audited, reviewed, using a scientific perspective 

by both cooperators. The articles that we have used in this study have all been published 

in scientific journals. 

 

RESULTS 

No significant difference in shear bond strength was found between the self-adhesive 

cement and the yttrium oxide-stabilized zirconium dioxide and the Co-Cr alloy, after 
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being stored in water for 24 hrs, p > 0.05, Table 1.  

 

DISCUSSION 

The results of this study showed no significant difference in shear bond strength 

between the self-adhesive cement and Co-Cr alloy and yttrium oxide-stabilized 

zirconium dioxide, after being stored in water for 24 hr. The null hypothesis could not 

be rejected. 

 

Shear bond strength is primarily dependent on three factors. One of the factors is 

pretreatment of the surface, which can be done in different ways and has different 

effects (Baldissara et al., 2013; Murthy et al., 2014; Kirmali et al., 2016). 

A study comparing self-adhesive and conventional resin-based cements to a base metal 

alloy showed a significant difference among the cements, out of this perspective the 

cement is the second factor in shear bond strength (Hattar et al., 2014). The third factor 

is type of specimen, i.e. it is seen that different alloys have different shear bond strength 

(Singh et al., 2017). 

 

In addition to above factors it is worth mentioning that there are many factors 

determining shear bond strength. In clinical situations we know that, for example, the 

dentist’s skills in practice, patient cooperation, defect in materials, aging, etc., play a 

role in what can cause failure (Blatz et al., 2004). 

 

To measure shear bond strength in our study, an Ultradent UltraTester™ was used. It is 

a machine that does not require extra training and it is mobile, but it may take some 

practice to get used to the machine to get rid of unnecessary sources of error. On the 

other hand, it has some difficulties, for example, trying to put bonding clamps in exactly 

the right area and placing the test bodies accurate to the UltraTester™, which may have 

affected our results of the study. We grinded all test bodies 90 degrees to have a 

completely flat surface to facilitate bonding of the test bodies and placement to the 

UltraTester™. However, we did not measure the angle with any device, to check that it 

was exactly 90 degrees. Asymmetric forces may have been placed on the test bodies 

during grinding, which could be a source of error for our study. Placement of the 
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cement was technically sensitive and complicated, it was difficult to set the same 

amount of cement and in the exact same position for every test cup, which may have 

resulted in differences between each test body. The area of the bonding material on the 

ceram or metal might have differed since the bonding might flow out on the material. 

The equation used for calculating the bond strength is using a certain area of bonding 

and if the surface in reality is larger – then the shear bond strength will increase, 

Therefore, excess cement was removed using a razor blade. In this process, there may 

have occurred forces against the cement, or the bonding to the Co-Cr alloy or Y-TZP 

that weakened the bond before the test was made. In order for a bond to occur between 

the cement and the material used (Co-Cr alloy or Y-TZP), it is necessary to place a 

pressure on the cement to the material. This pressure was applied by hand by the 

authors, without any kind of device to facilitate the application with the same pressure 

every time, which means that different pressures may have been applied to each 

specimen. An important detail that we have not noted during the test, is where the 

fracture occurred, if the fracture occurred in the cement or if it was a release between 

the cement and the metal or the ceramic. That information would have been of great 

value to our investigation. Time should have been spent on this. When using an 

adhesive cement to a metallic alloy or porcelain different types of fractures can occur. 

Cohesive-, adhesive-, and mixed fractures. Cohesive fracture means that the fracture 

occurs within the adhesive cement, but the cement is still stuck to the adherent, for 

example a metallic alloy or a ceramic. An Adhesive fracture is when debonding occurs 

between the adhesive and adherend, in other words in our case when the adhesive 

cement is released from the whole surface of the metallic alloy or the ceramic. A mixed 

fracture is when both of the aforementioned fractures occur simultaneously. Adhesion to 

dental care should be improved to reduce the risk of release of the crown or bridge, for 

example by not preparing the teeth too conical. In our study, we steam blasted and sand 

blasted all our test bodies with exactly the same pressure as well as the same blasting 

time. Sandblasting has been shown to improve the SBS between the cement and both 

the Co-Cr alloy and Y-TZP. Sandblasting an Y-TZP may put the material through stress 

and accelerate an transformation from the tetragonal phase to the monoclinal phase. 

Mechanical or hydrothermal stress may cause an acceleration of this transformation. A 

previous study shows that the improvements of the SBS also may result in a higher risk 
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to cause a phase transformation, the benefit weighs therefore more than the risk 

(Ramos-Tonello et al., 2017). 

The lowest value for the Y-TZP bond strength was 11.6 MPa, and highest 33.5 MPa, 

and for the Co-Cr alloy, the lowest was 7.1 MPa and highest 38.6 MPa. There is a 

relatively large range of results, and we believe that it is because of that the preparation 

and cementing processes were complicated and technically sensitive. It can be discussed 

what we actually measured, if it was shear bond strength between the different materials 

or if we measured how complicated and sensitive the application and disposal of the 

cement was. The great range in our results may in some way show a low validity. 

 

To determine whether the Ultratest machine is reliable or not as a tester we refer to an 

earlier published article that happened to use the exact same machine for the same 

purpose. They examined three different dual-curing self-adhesive cements, one of which 

were Rely-X™. In their study they also pre-treated the surface of their test bodies with 

sandblast for example. When it comes to the results of Rely-X ™, they had similar 

results as we had in our study where they had a mean value of 18.5 MPa after 24 hrs, 

our mean values were 22.8 - 23.5 MPa, considering these values conclusions can be 

made that the UltraTester™ may be a valid option for measuring SBS values in these 

investigations (Sabatini et al., 2013). 

 

The International Organization for Standardization, ISO, has approved Ultradent's 

method of testing shear bond strength with Ultratester in a standard. Ultradent 

developed, created, conducted the test method for a long period, which has shown that it 

is a reproducible technology. Research organizations worldwide use the same method 

today. Therefore, ISO conducted a study with several independent organizations and 

determined that this method that Ultradent has developed exceeds the previous methods 

used to measure shear bond strength. This method, on the other hand, is primarily 

intended for adhesives, and includes handling of the tooth as well as choice of substrate. 

The process of the test itself is also essential for the test to be as accurate as possible. 

An important factor in the test is to have a crosshead at the edge of the machine to be 

able to measure the shear bond strength of the bonded adhesive cement. The results 

obtained from this method are more accurate when a direct contact of 90 °C angle is 
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made (Walker, 2013). 

 

Metallic alloys are suitable as a core material in many fixed partial dentures (FPD) and 

removable partial dentures (RPDs). For fixtures (i.e. implants), titanium has been 

mostly used for many years. Studies have established data on secondary effects of using 

titanium implants. In spite of this, titanium implants are a reliable choice of treatment 

and have good clinical and scientific evidence. Zirconium dioxide is a relatively new 

material used in dental implants. Clinical experience indicates no big difference in side 

effects compared to titanium, and both materials are suitable for treating patients in this 

aspect.  

There is not enough scientific evidence indicating any difference regarding risk of side 

effects. This could be explained by the short time of usage that zirconium dioxide has 

had as implants (Socialstyrelsen, 2014). 

 

The number of papers were sufficient for the present study, many studies were 

discussing shear bond strength for the respective materials. However, we could not find 

an article treating our question as a whole, i.e. that compares shear bond strength 

between one adhesive cement and dental Co-Cr alloy and yttria-stabilised zirconia. 

 

Conclusion 

As the results indicate, there were no significant differences in shear bond strength 

between the self-adhesive cement and pre-treated dental Co-Cr alloys and Y-TZP tested. 
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Table 1. Shear bond strength between the materials and the adhesive cement, in MPa, 

after storage in water for 24 hr, p > 0.05. 

 

Material Y-TZP, MPa Co-Cr, MPa 

n 10 10 

Min 11.6 7.1 

Max 33.5 38.6 

Median 24.2 23.8 

Mean 23.5 22.8 

SD 6.8 8.1 

CI 95% 19.3 - 27.7 14.1 - 30.9 

 

  



 

  18 (20) 

 

 

 

Fig 1a. Bonding mold insert fixed to the base clamp and the test body fixed to it, ready 

for cementation. 

 

 

Fig 1b. Base clamp placed in the UltraTester™ ready for testing. 
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Fig. 2. The selection procedure of papers used. 

 


