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1. Zusammenfassung 

 

1.1. Zielsetzung 

 

Provisorische Kronen- und Brückenmaterialien (PKB) sind Übergangslösungen im 

Vorfeld langfristiger Zahnersatzbehandlungen. Mit ihrer Hilfe wird die reguläre 

Funktion und Gesundheit des Gebisses und des umliegenden Gewebes 

vorübergehend wieder hergestellt. Der Einsatz provisorischen Zahnersatzes kann für 

einen Zeitraum von zwei bis sechs Wochen oder auch länger erforderlich sein. 

Grundlegende Entwicklungsfortschritte führen heute zu PKB-Materialien mit 

verbesserten Werkstoffeigenschaften, die auch für den langfristigen Einsatz am 

Patienten geeignet sind. Ziel der vorliegenden Studie war die Bewertung der 

marktdominierenden Bis-Acryl- und Polyvinylethylmethacrylat-basierten PKB-

Werkstoffe hinsichtlich ihrer langfristigen Leistung. Im Rahmen der vorliegenden 

Studie wurden die Zusammenhänge zwischen Politurretention nach 

Zahnbürstabrasion in bezug auf die verschiedenen Finishing und Polier Protokolle, 

Oberflächenhärte, Wasseraufnahme, Schmierschichtstärke und Füllstoffzusammen-

setzung der PKB-Werkstoffe untersucht. 

 

1.2. Materialien und Methoden 

 

Es wurden scheibenförmige Proben von sieben verschiedenen Brückenmaterialien 

(Luxatemp Star, DMG, Hamburg, Deutschland; Protemp 4, 3M ESPE, Seefeld, 

Deutschland; Structur Premium, VOCO, Cuxhaven, Deutschland; Struktur 3, VOCO, 

Cuxhaven, Deutschland; Visalys Temp, Kettenbach GmbH & Co.KG, Eschenburg, 

Deutschland; Integrity, Dentsply De Trey GmbH; Konstanz; Deutschland; Trim, 

Bosworth, Skokie, USA) hergestellt. Die Oberflächenrauheit wurde nach Schleifen und 

Polieren mit zwei verschiedenen Methoden gemessen. Das erste Verfahren umfasste 

die Behandlung mit Heraeus Kulzer Finishing- und Polierinstrumenten,das zweite 

Verfahren beinhaltete die Verwendung von extra fein eiförmig geformten Acrylfräsen 

(Heraeus Kulzer) und Bimsstein (Ernst Hinrichs GmbH). Änderungen in der 

Oberflächenrauheit, vor und nach dem Zahnbürstabrasionstest (25.000 
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Zahnbürstzyklen) wurden mit einem Profilometer bestimmt. Die Mikrohärte wurde 

mittels Vickers Härteeindruckverfahren gemessen. Die Wasseraufnahme der 

Materialien wurde nach ISO 4049 durchgeführt, die Schmierschichtdicke wurde gegen 

Luft ausgewertet. 

 

1.3. Ergebnisse Schlussfolgerungen 

 

Der Einfluss von Zahnbürstabrasion auf unterschiedliche PKB-Werkstoffe an der 

Ausgangsituation erwies sich als signifikant (Zwei-wege ANOVA (P=0,00)). Der 

Einsatz unterschiedlicher Methoden erwies sich hierbei jedoch als unerheblich. 

Ähnliche Ergebnisse konnten auch nach 25.000 Abrasionszyklen gemessen werden. 

Das ungefüllte Polyvinylethylmethacrylat-Material Trim zeigte im Vergleich zu 

sämtlichen Bis-Acryl-PKB-Werkstoffen eine erheblich schlechtere Vickershärte. Das 

Material Structur Premium zeigte dagegen die höchste Oberflächenhärte. Trim zeigte 

darüber hinaus die signifikant höchste Wasseraufnahme im Vergleich zu sämtlichen 

Bis-Acryl-PKB-Materialien. Luxatemp Star zeigte dagegen die beste 

Hydrolysestabilität. Die Schmierschichtstärke von Structur Premium war im Vergleich 

zu den Materialien Luxatemp Star, Visalys Temp, Protemp 4, Structur 3 und Integrity 

signifikant stärker. Für Trim konnte auf Grund seiner unterschiedlich chemischen 

Zusammensetzung keine Schmierschicht bestimmt werden. Die Korrelationsanalyse 

zwischen den Materialparametern ergab eine starke Korrelation zwischen 

Vickershärte und Schmierschichtstärke (r2=0,9448). 

 

1.4. Schlussfolgerung 

 

Auf Basis der dieser Ergebnisse kann geschlussfolgert werden, dass sämtliche Bis-

Acryl-basierten PKB-Materialien, im Vergleich mit dem Polyvinylethylmethacrylat-

basierten Werkstoff Trim statistisch bessere Ergebnisse erzielten und damit auch 

klinisch Vorteil zeigen sollten. 
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2. Summary 

 

2.1. Objectives 

 

Provisional dental crown and bridge materials (PCB) are intermediate solutions prior 

to long term restorations. They are aimed to rehabilitate the normal function and health 

of the dentition and its surrounding tissues. Provisional restorations may be required 

for two to six weeks or even longer. A substantial progress in PCB material 

development is today leading to PCB materials with improved properties, suitable also 

for the long term use in patients. The purpose of this study was to assess market 

leading Bis-Acryl and polyvinylethylmethacrylate-based PCB materials in terms of long 

term physical performance. The study investigated correlations between polish 

retention after toothbrush abrasion in terms of different finishing and polishing 

protocols, Vickers hardness, water absorption, smear layer thickness and filler 

configuration of PCB materials. 

 

2.2. Materials and Methods 

 

Disk shaped specimens of seven different PCB materials (Luxatemp Star; DMG; 

Hamburg; Germany, Protemp 4; 3M ESPE; Seefeld; Germany, Structur Premium; 

VOCO; Cuxhaven; Germany, Structur 3; VOCO; Cuxhaven; Germany, Visalys Temp; 

Kettenbach GmbH & Co.KG; Eschenburg; Germany, Integrity; Dentsply De Trey 

GmbH; Konstanz; Germany, Trim; Bosworth; Skokie; USA) were selected. Surface 

roughness was measured after finishing and polishing with two different techniques. 

The first technique involved the treatment with Heraeus Kulzer polishing and finishing 

instruments and the other involved the usage of extra fine egg-shaped acrylic bur 

(Heraeus Kulzer) and pumice (Ernst Hinrichs GmbH). Surface roughness changes, 

before and after toothbrush abrasion test (25,000 toothbrush cycles), were determined 

using a profilometer. Micro-hardness was measured using a Vickers hardness 

indenter. Water sorption test of the materials was conducted by preparing five disk-

shaped specimens of each material and tested according to ISO 4049. The smear 

layer thickness was evaluated against air. 
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2.3. Results 

 

The influence of toothbrush abrasion on different PCB materials at baseline proved to 

be significant (Two-way ANOVA (P=0.00)). However, the influence of techniques and 

the interaction on toothbrush abrasion in this study did not prove to be significant. 

Similar results were seen after 25,000 abrasion cycles as well. The unfilled 

polyvinylethylmethacrylate-based material Trim demonstrated significantly inferior 

Vickers hardness as compared to all Bis-Acryl PCB materials. Structur Premium 

showed the greatest Vickers hardness. Trim further demonstrated the significantly 

highest water sorption compared to all Bis-Acryl PCB materials. Luxatemp Star 

presented the best hydrolytic stability. The smear layer thickness of Structur Premium 

was significantly greater compared to Luxatemp Star, Visalys, Protemp 4, Structur 3 

and Integrity. Trim did not produce a smear layer, due to its different chemistry. The 

correlation analysis between material parameters resulted in a strong correlation 

between Vickers hardness and smear layer thickness (r2=0.9448). 

 

2.4. Conclusions 

 

Based on the results shown here, it can be concluded that all of the Bis-Acryl-based 

PCB materials, in comparison with the Polyvinylethylmethacrylat-based material  Trim 

showed statistically better results, and should therefore show clinical benefit.  
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3. Introduction 

 

Provisional restoration is an artificial prosthesis aimed to rehabilitate the normal 

function and health of a tooth/ teeth and its surrounding tissues prepared for the 

replacement of the tooth structure with crowns and bridges. It provides a protective 

shield for the tooth against the oral environment until final restoration is ready. 

Provisional restoration may be required for 2 to 6 weeks or even longer. It can be used 

for short, medium or a long term in the oral cavity.  

 

Over the years, there has been a revolution in the dental markets leading to availability 

of provisional crown and bridge materials (PCB) with improved properties.  A range of 

materials from various manufacturers have been launched and there are continuous 

ongoing improvements to meet the increasing needs of the patient and the dentist.  

 

PCB restorations play an important role in teeth and soft tissue protection.  They cover 

freshly cut and exposed dentin (Wassell et al., 2002). They also protect the prepared 

tooth from thermal changes and the well adapted margins prevent leakage of saliva, 

thereby, maintaining the pulp vitality (Behrend, 1967, Yap et al., 2004). PCB 

restorations help in preventing unwanted tooth movement. For an accurate final 

restoration, the tooth should not be able to drift or extrude and a contact with adjacent 

and opposing teeth is established (Higginbottom, 1995). Moreover, they aid in 

providing patient comfort by restoring day to day function like chewing and speech. 

Also, they make appearance of the teeth acceptable to the patient (Gough, 1994). With 

respect to periodontal health, PCB restorations help in restoring the health of 

surrounding periodontal tissue and stabilising of periodontal condition prior to definitive 

restoration. Well fit long term PCB restorations maintain the health of gingival margins, 

prevent sensitivity, plaque build-up and subsequent caries and pulp pathology (Bral, 

1989). In addition, they aid prophylatic and diagnostic use by assessing the tooth 

reduction to accommodate the proposed restorations, correcting irregular occlusal 

planes, altering vertical dimension of occlusion (Wassell et al., 2002). Thereby, they 

help to plan the changes in location and contour of Gingiva (Vahidi, 1987).  
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Precise execution of the procedure to construct a PCB restoration, from the initial visit 

for data collection and diagnosis through the post insertion visits results in a successful 

crown or fixed partial denture. The duration of clinical service of PCB materials depend 

on their physical, chemical and mechanical characteristics.  Selection of the 

appropriate provisional material should be based on the strengths and weaknesses of 

a given material relative to clinical mandates for specific treatment (Burns et al., 2003). 

In summary, the quality of provisional restoration decides the prognosis of the final 

restoration (Crispin and Caputo, 1979). 

 

The study covers a variety of materials that are used in the dental practices worldwide. 

The aim of the study was to investigate surface qualities that can be considered 

clinically relevant.  The surface roughness changes after finishing and polishing with 

two different techniques followed by 25000 tooth brush abrasion cycles, water 

sorption, micro hardness, smear layer thickness of PCB materials and to correlate 

them with each other and  their  filler percentages.   
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4. Literature Review 

 

4.1 Classification and Historical Background of Provisional crown and bridge 
materials 

 

Based on the materials used for their fabrication, PCB materials can be classified into 

Acrylics, Bis-Acryl Composites and Pre-fabricated provisional restoration crowns 

(Balkenhol et al., 2008a, Gordon, 2004). Acrylics include Epimines, Methyl-

Methacrylate (MMA), Ethyl-Methacrylate (EMA) (Burns et al., 2003). Bis–Acryl 

Composites are subcategorized according to the method of activation as chemically 

activated, visible light activated, dual activated (Lohbauer, 2009).  

 

The art of fabricating a PCB restoration goes back to 1930’s (Emtiaz and Tarnow, 

1998). Traditionally, materials used included acrylates and polymethylmethacrylates 

(PMMA). Autopolymerizing PMMA first appeared around 1940. Polyethylmethacrylate 

(PEMA) was introduced in the 1960. The VLC materials were first introduced in the 

1980 (Emtiaz and Tarnow, 1998). Epimine resin, which for a decade was used for this 

purpose, is no longer available. Today, multiple ranges of PCB materials are available 

on the dental market. The latest additions include composite based PCB materials. 

The newer range of products is available with an auto-mix delivery system to make 

the work easy and quick (Burns et al, 2003, Gordon, 2004). 

 

4.2 Composition of Provisional crown and bridge materials 

 

4.2.1 Monomer 

 

Dr Rafael Bowen introduced high molecular weight epoxy and methacrylate 

derivatives which were incorporated inorganic filler loading (Rueggeberg, 2002). The 

commercial development of materials containing inorganic fillers was enhanced by the 

introduction of high molecular weight, di-functional monomers. These materials are 

also referred to as Bis-GMA or Bowen’s resin. Continuous development is ongoing to 

enhance the properties of these materials. Composite based resins are usually Bis-
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acryls, Bis-GMA and UDMA based. Acrylics are derivatives of Methylmethacrylate, 

Ethylmethacrylate, Vinylmethacrylate, Butylmethacrylate bases and consist of a 

(liquid) monomer which is mixed with the polymer (powder) to initiate polymerization. 

The Bis-Acryl autopolymerized composite resins have a hydrophilic material similar to 

Bis-GMA (Rueggeberg, 2002). Bis-Acryls are available as automixed two component 

system (base and catalyst paste). The monomer is converted to a rigid and heavily 

cross-linked polymer network by activation of free radicals/ initiator (Ferracane, 1995). 

 

4.2.2 Fillers 

 

The more recent form of PCB materials, bis-acryl composites are constituted of 

organic matrix and inorganic fillers (Finger and Lee, 1996, Buergers et al., 2007). 

Fillers are added to the resin monomer to reinforce the quality of the material. Fillers 

particles commonly used are silica, crystalline quartz, radiopaque glasses and glasses 

containing zinc, barium and strontium.  

 

During finishing and polishing procedure, the filler particles protrude out of the surface 

(Tatsuo et al., 2010). A proper coupling between the filler particles and resin matrix 

prevents the protrusion of fillers (Mayer, 1995). Strong bonding between the filler and 

resin matrix components enhance the mechanical properties of materials containing 

inorganic fillers (Knobloch et al., 2011). On the other hand, a weak coupling between 

the filler and the resin matrix leads to decreased toughness (Ferracane and Marker, 

1992). Moreover, the smoothness of composite is influenced by the presence of 

inorganic particles, size of fillers and the extent of filler loading (Kim et al., 2002). Fillers 

also play a role in water sorption capacity of a material. The presence of fillers in a 

polymer network can greatly affect solvent uptake and dissolution, possibly in direct 

relation to its proportion as it reduces the overall volume of the absorbing polymer 

(Ferracane, 2006). 

 

4.2.3 Coupling Agent 

 

A coupling agent forms a bond between the filler particles and the resin matrix. A 

strong bond between the two phases imparts better physical and mechanical 
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properties. It also prevents water to penetrate along filler-resin interface providing 

hydrolytic stability. A molecule which has Silanol group on one end and methacrylate 

group on the other end are used as coupling agent. These siloranes form a covalent 

bond between resin matrix and the filler (Ferracane, 1995). 

 

4.2.4 Polymerization 

 

The polymerization of monomers is accomplished by activation of the chemical 

activator (N, N-dimethyl-p-toluidine) and the chemical initiator (benzoyl peroxide) 

(Ferracane, 1995). The activation of polymerization reaction results in a series of 

chemical reaction forming macromolecule polymer. The PCB restorations are based 

on polymeric structures (Kim and Watts, 2004b). Polymer based provisionals undergo 

addition polymerization reaction resulting in conversion of vinyl groups containing 

carbon-carbon double bonds to carbon-carbon single bonds resulting in exothermic 

reaction (Kim and Watts, 2004a). The polymerization process affects the chemical, 

mechanical thermal and dimensional changes in a material and decides its success in 

dentistry.  

 

4.2.5 Smear Layer Formation 

 

Polymerization reaction does not result in complete conversion of monomers. Oxygen 

and impurities in the monomer can react with activated initiator or activated growing 

chains. This in turn inhibits free radical polymerization and yields polymers with 

uncured surfaces. A smear layer is formed by oxygen in the air after the PCB materials 

are cured. Oxygen, if present, is known to inhibit the polymerization reaction of PCB 

materials. Filler content, viscosity of the material and polymerization temperature 

influences how oxygen diffuses into the resin (Gauthier et al., 2005). 

However, during polymerization the free oxygen in contact with composite resin 

diffuses and inhibits polymerization reaction forming peroxide radicals which have low 

reactivity towards monomers (Finger and Lee, 1996). The free monomer layer will 

remain on the surface after curing as reactivity of oxygen is much higher with radical 

than with monomer. This layer remaining on the surface after curing is a soft, sticky 
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superficial layer on freshly polymerized resin. The complete removal of oxygen 

inhibited layer from the surface of the temporary with organic solvents like alcohol/ 

ethanol is important (Bui et al., 2009). 

The oxygen inhibited layer is primarily composed of un-reacted monomers and 

oligomers and possesses a liquid-like consistency (Byoung, 2004). Typically, 

composite based temporary crown and bridge materials are random copolymers of Bis 

– GMA [4, -(2, hydroxy-3-methacryloxypropoxy) phenyl] propane (Bis-GMA), 

triethyleneglycol dimethacrylate (TEDGMA) and filled with various inorganic filler 

particles. Bis-GMA and TEGMA are bi-functional monomers that harden by free radical 

induced polymerization. This reaction is strongly inhibited by free radical scavengers 

such as oxygen (Yatabe and Seki, 2001). 

The presence of oxygen inhibited layer on provisional crown and bridge materials 

make the handling characteristics of these materials questionable. Thus, the 

evaluation of the smear layer is important in clinical day to day practice while 

preparation of a provisional restoration. 

In summary, reducing the thickness of smear layers would be very beneficial in the 

clinical situation regard to easy handling, and minimal preparation for maximum results 

(Bui et al., 2009). Repair of the provisional materials would also be easier to handle 

without an inhibition layer (Rosentritt et al., 2004). 

 

4.3 Polishability of Provisional crown and bridge materials 

 

The surface roughness (Ra) value is described as the arithmetic mean value of 

movement of profile above and below the center line of the surface. Roughness can 

be measured in a number of ways, but the most commonly used both in dentistry is 

the Ra value (Joniot et al., 2000, Uppal et al., 2013). Other vertical roughness 

parameters such as Rmax, Rt and Rz are vertical roughness parameters. They are used 

to describe the surface irregularities by their amplitudes only. Ra parameter is mostly 

widely used by investigators to estimate surface quality of resin composite materials 

(Hanadi, 2010). 
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A smooth surface is important for patient comfort. Evaluation with patients 

demonstrated that they recognize differences of Ra between 0.25 and 0.5 μm with their 

tongues. A rough restoration surface will be the cause of an irritable factor for the 

patient (Jones et al., 2004). 

 

A smooth surface is obtained by meticulous finishing and polishing. The gross 

contouring or reducing of the restoration to obtain the desired anatomy is called 

finishing. Reduction of the roughness and scratches created by finishing instruments 

is called as polishing (Yap et al., 1997). Deep flaws are induced on the surface of the 

restoration during initial finishing, therefore, polishing is required to make the surface 

smooth (Lohbauer et al., 2008). 

 

PCB restoration should be smoothly finished and highly polished to avoid irritation to 

tongue and cheek. The most important criterion that determines the prognosis of the 

restorative treatment is the interaction between restorative materials and the oral 

microflora (Yap et al., 2004). Restorations must have smooth surfaces in order to 

inhibit plaque accumulation. Smooth surfaces offer little retention for food debris, 

epithelial cells, and bacteria facilitating oral hygiene, thus reducing the risk of bacterial 

accumulation and bio-film formation (Buergers et al., 2007, Fucio et al., 2009, Ikeda 

et al., 2007). Plaque prevention becomes highly important if temporary restorations 

are intended for longer periods of service even at the cost of greater effort. Thus, to 

obtain a smooth surface of temporary restorations in the oral cavity requires 

meticulous polishing (Brochers et al., 1999).  

 

PCB restoration holds the soft tissue away from preparation so that the latter can be 

thoroughly cleaned and dried before cementation. By finishing the restoration no more 

than 0.5 mm below the gingival margin and introducing adequate tooth brushing, it 

may be possible to prevent subgingival plaque formation due to the submarginal effect 

of the toothbrush. Selection of the appropriate provisional material based on its 

strengths and weaknesses is critical for successful clinical treatments. The polish, 

contour and fit of a provisional restoration should be similar as to the final restoration 

when needed to be placed for more than few days in the oral cavity. An improperly 

constructed provisional restoration can affect the integrity of periodontium. Thus, a 

highly polished plaque resistant surface provides morphologically correct, 



12 
 

physiological compatible and aesthetically superior provisional restorations (Bral, 

1989, Luthardt et al., 2000). 

 

While choosing a PCB material, ease of polishing and resultant surface roughness 

over time in the oral environment must be considered. A smooth, polished, and 

contoured PCB restoration appliance will protect the pulp of the prepared vital tooth 

and permit a higher rate of success of the definitive treatment (Vahidi, 1987). Polishing 

procedure should lead to an initial high quality surface, but is affected by physical and 

chemical interactions in the mouth (tooth brushing, eating, etc) (Utterodt et al., 2006). 

  

Unpolished surfaces of PCB materials demonstrate low color stability.51 The choice of 

polishing technique influences the color stability of the provisional crown and bridge 

materials (Guler et al., 2005). A skilled fabrication of a PCB will provide good marginal 

adaption, physiologic contours and embrasures (Bral, 1989). Specific knowledge, 

technical experience and choice of right material are also important factors for 

provisional therapy (Burns et al., 2003).  

 

4.4 Water Sorption 

 

Water sorption is an important property of PCB materials that influence their strength, 

abrasion, resistance, volume and colour stability (Ruyter, 1995, Sham et al., 2004). As 

a consequence of the high water sorption and solubility of PCB materials, studies have 

shown decreased mechanical properties and reduced longevity of restorations (Al-

Habahbeh, 2007). 

 

The density of the dental polymer network, the potential for hydrogen and polar 

interactions are the major factors in determination of water sorption. The dental 

polymer exhibit hygroscopic and hydrolytic effects of varying extent depending upon 

their chemistry and structure. Dental monomers have hydrolytic susceptible groups, 

such as ester, urethane, ether linkages, and hydroxyl groups. These monomers and 

their resultant polymers are not extremely hydrophilic, but they absorb water to an 

extent which is damaging (Ferracane, 2006, Welker et al., 1999).  
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Water sorption can dramatically affect the dimensional stability and is associated with 

swelling, distortion, absorption of odours, support of bacteria and color changes 

(Lohbauer et al., 2003). The material is dimensionally unstable clinically if it absorbs 

more water (Al-Habahbeh, 2007). Moreover, the water uptake by the PCB material 

can affect their optical properties as well (Shams et al., 2004). 

 

4.5 Abrasion 

 

Wear is a progressive loss of substance from the surface of the body as a result of 

mechanical action. Wear causes loss of material substance resulting in loss of 

anatomic form (Jaarda et al., 1997, Turssi et al., 2001).     

 

Abrasive wear is due to hard particles or hard protuberances forced against and 

moving along a solid surface. Abrasive wear can be subdivided in “two-body abrasion” 

and “three-body abrasion’’. The bound abrasive particle is solidly fixed to the substrate 

in two body wear leading to attrition. Free particles in the abrasive slurry move between 

the specimen surface to be polished and a flat polishing substrate in a three-body 

abrasive mode. Tooth brush abrasion test simulates three-body wear mode where the 

tooth paste slurry is the abrasive medium between the specimens and the 

toothbrushes (Jefferies, 2007). 

 

High wear resistance contributes to the longevity of the dental restorative materials 

and thus establishes durable function and aesthetics of the restored teeth. The 

microstructure, properties of the materials and the conditions determine the 

mechanism of wear process and, consequently, the materials wear rate (Ferracane, 

1995). A combination of normal loading and frictional shearing forces act on the wear 

surfaces. However, as fillers present higher elastic modulus than the resin matrix itself, 

they may bear the majority of these loads. Nonetheless, owing to relative weak bond 

between fillers and resins, most particles cannot withstand the combined action of 

normal and frictional forces. Thus, they are liable to be fragmented or dislodged. With 

an increasing dislodgement of fillers, fatigue cracks are more easily induced and they 

develop between fillers and organic matrix. Therefore, the integrity of this matrix is 

gradually destroyed, causing the loss of material (Hu et al., 2003).  
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Long term use of PCB restoration in oral environment includes both occulusal wear 

and toothbrush abrasion. Polishing procedure should lead to an initial high quality 

surface, but is affected by physical and chemical interactions in the mouth (tooth 

brushing, eating, etc) leading to wear (Eda et al., 2007, Utterodt et al., 2006). 

 

Though toothbrushing plays an important role in oral hygiene, its continuing action 

might damage the surface of resin composite restorations. The toothbrush abrasion is 

influenced by various factors like type of toothbrush, dentifrice, abrasion testing 

machine, number of stokes and toothbrushing load (Judson, 2000). Depending on the 

degree of wear, a restoration can fail due to changes in surface roughness making it 

prone to staining, plaque accumulations, soft tissue inflammation and recurrent caries 

(Judson, 2000, Kanter et al., 1982). 

 

In this study, the slurry used as the abrasive medium was produced by using the 

commercial toothpaste Elmex (Gaba, Germany), which has a high abrasive potential 

(RDA 77). The abrasivity of a toothpaste is described through radioactive dentin 

abrasitivity (RDA)-value (Liljeborg et al., 2010).  

 

4.6 Vickers Hardness 

 

The hardness of a material is the resistance a solid shows to local deformation.  

Hardness is also the resistance to permanent indentation or penetration and is used 

to predict the wear resistance of a material and its ability to abrade dental structures 

(Yap et al., 2004). 

 

Various methods of measuring hardness are available based on surface indentation. 

The methods differ primarily according to the type of intender and the technique of 

measuring the size of indentation. The Vickers test represent a method commonly 

used to measure the hardness of composites. 

 
Bis-acryls contain bifunctional acrylates which cross-link to provide increased 

mechanical strength and resistance to weakening in the presence of solvents as 

compared to methyl methacrylate based materials (Yap et al., 1997). As the PCB 
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materials plays an important role in restorative dentistry, it should maintain its surface 

integrity throughout the course of the treatment, especially for long term usage. 
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5. Materials and Methods 

 

5.1 Materials 

 

Materials used in this study are listed below. 

(All data are according to manufacturer’s information.) 

 

Table 5.1: Provisional crown and bridge materials used in this study 

Material Manufacturer Material type Mixing 

Ratio 

 

Filler 

content 

(wt %) 

Luxatemp Star 

(LS) 

DMG, 

Hamburg, 

Germany 

Bis-acryl composite 

Available as automix 

cartridge 

Paste-paste system  

10:1 

 

44  

Protemp 4 

(P4) 

 

3M ESPE, 

Seefeld, 

Germany 

Bis-acryl composite 

Available as automix 

cartridge 

Paste-paste system 

10:1 

 

35  

Structur 

Premium 

(SP) 

 

VOCO, 

Cuxhaven, 

Germany 

Bis-acryl composite 

Available as automix 

cartridge 

Paste-paste system 

1:1 

 

43  

Structur 3 

(S3) 

 

 

VOCO, 

Cuxhaven, 

Germany 

Bis-acryl composite 

Available as automix 

cartridge 

Paste-paste system 

1:1 

 

32  

Integrity 

(I) 

 

 

Dentsply/ 

Caulk Milford, 

USA 

Bis-acryl composite 

Available as automix 

cartridge 

Paste-paste system 

10:1 

 

44  
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Visalys Temp 

(V) 

 

 

Kettenbach 

GmbH & 

Co.KG, 

Eschenburg, 

Germany 

Bis-acryl composite 

Available as automix 

cartridge 

Paste-paste system 

10:1 

 

50 

  

 

Trim   

(T) 

Bosworth, 

Skokie, USA 

Vinyl ethyl methacrylate 

Powder liquid system 

(Volume: mass) 

1:2.3 

 

 

 

 

5.2 Methods 

 

5.2.1 Finishing and Polishing 

 

For all the finishing and polishing techniques employed in this study, each specimen 

was uniformly processed according to the designated method. The surface of the 

specimens were flattened with Buehler lab grinding machine in a standardised manner 

with 1000 grit silicon carbide paper. 

 

A total of eighty four discs shaped specimens were fabricated from seven provisional 

crown and bridge material (Table 5.1, Page 16). The samples were randomly allocated 

into two groups (n = 42). Afterwards, the samples in the two groups were polished and 

finished using either of the two different polishing and finishing techniques 

respectively. For standardized polishing and finishing, a parallelometer was used. (Fig 

5.1, Page 18) 
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Fig 5.1: Parallelometer was used for standardized polishing and finishing of the 

specimens. 

 

 

Technique 1 

 

They were randomly labeled on one side and the other side was finished using an egg 

shaped acrylic bur mounted on a parallelometer at 15,000 rpm and pumice (Ernst 

Hinrichs GmbH) for 30 seconds (Maalhagd-Fard, 2003). 

 

Technique 2 

 

Subsequently, the other half of the discs were subjected to a rubber polishing cup and 

a rubber polishing disc mounted on an electric handpiece that was used to pre-polish 

the samples for 30 seconds at 15,000 rpm. For high polish luster, composite polishing 



19 
 

tip and goat hair wheel (Fig 5.2, Page 19) mounted on a parallelometer were used for 

30 seconds at 3-5,000 rpm.  

 

 

 

 

 

Fig 5.2: Goat hair wheel and Polishing tip used in Technique 1 for polishing. 
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The samples were rinsed with tap water and air dried. All the test specimens were 

conditioned in water at (37±1)oC for 14 days prior to the test. 

 

5.2.2 Toothbrush abrasion test 

 

Specimen preparation for toothbrush abrasion test 

 

Disc shaped specimens (n=12) were made from each of the 7 materials mentioned in 

Table 5.1. A metal mold (2mm thick, 18mm diameter) was used to prepare the discs. 

Each material was mixed according to manufacturer’s instruction for use and allowed 

to polymerize within the mold for 15 minutes at room temperature. During 

polymerization, the specimen surfaces were covered with a glass slide. Once the 

material was set, the specimen discs were taken out of the mold carefully. The smear 

layer was removed with ethanol. The discs were checked for any large voids and 

pores. Then, the discs were labelled at the bottom for identification. The 84 specimens 

were divided into two different groups. The specimens were randomly chosen. All the 

specimens were stored in water for 14 days at 38 °C. The top surfaces of 42 specimen 

discs were subjected to technique 1 for polishing and finishing. And, the other half was 

subjected to technique 2 for polishing and finishing. A parallelometer was used to 

standardize the procedure of finishing and polishing. (Fig 5.1, Page 18) 

 

 

The ISO Technical Report No. 1469-1(1999) gives guidance on toothbrush abrasion 

testing. The test was conducted in a toothbrushing abrasion machine (Willytech, 

Feldkirchen, Germany) (Fig 5.3, Page 22) and quantified using a profilometer 

(Perthometer S3P, perthen, Göttingen, Germany) (Fig 5.5, Page 24). Ra changes, 

before and after abrasion test, were determined using a profilometer. The study 

measured the effect of tooth-brushing with slurry of toothpaste on seven different 

provisional crown and bridge materials. The same specimens were subjected to 1000, 

5000, 10000 and 25000 cycles of toothbrushing. 

 

Willytech Abrasion testing machine 
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The abrasion test was conducted with a computer controlled toothbrushing abrasion 

machine Willytech (Munich, Germany). Four parallel high-grade steel arms are 

fastened on the top of the two-axis table, which in the end of each a toothbrush holder 

is screwed, allowing a vertical movement of the toothbrush. At each arm, one 

toothbrush head (Oral B 40, conic tip bristles, bristle Ø = 190 µm, area of 184 mm2) 

was screwed. Over the head of each arm, weights (Fig 5.4, Page 22) were mounted 

to result in an applied force of 1.96 N. The specimens were fixed on cylindrical sample 

holders and afterwards randomly assigned to the plastic containers in which the 

abrasive slurry was poured. The brushing frequency was set to 1.25 Hertz for 25.000 

cycles with an ellipse brushing distance of 20 mm for 1000, 5000, 10,000, 25,000 

cycles. The brushing was realized by a computer-controlled stepping motor, enabling 

independent x/y brushing settings. Through the software control, brushing samples, 

cycle number, brushing distance and brushing speed was pre-selected. An “ellipse”-

figure brushing path was selected in order to avoid local grinding or groove formation. 

The specimens were removed from the machine for Ra evaluation after 1000, 5000, 

10000, 20000 and 25000 cycles. 
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Fig 5.3: Computer controlled two-axis toothbrush abrasion machine, Willytech 

Abrasion testing machine (Willytec GmbH, Germany). 

 

 

 

Fig 5.4: Ball beared toothbrush holder with toothbrush head and weight. 

Preparation of the abrasive medium  
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The slurry used as the abrasive medium was produced by mixing the commercial 

toothpaste Elmex (Gaba, Germany), which has a high abrasive potential (RDA 77), 

with Tragacanth solution ((E413, Merck, Germany), 246.88g glycerin, 246.88g 

deionised water, 6.24g Tragacanth) in a 1:1 ratio by weight. This was accomplished 

by slowly adding the Tragacanth into a beaker containing the glycerin under constant 

mixing using a magnetic mixer until a homogeneous mixture was achieved. Afterwards 

deionised water was added and homogenized for 6h under constant rotation. 

Tragacanth, a complex Polysaccharide macromolecule, served as emulsifying agent 

and stabilizer and was added based on the recommendations from the ISO 11609 

standard. The slurry was manufactured per test day to prevent sedimentation, and 

filled the sample containers up to 120 ml, assuring that the samples were sufficiently 

covered. After the tooth brush abrasion test, all the specimens from the machine were 

removed, cleaned and dried.  

 

5.2.3 Roughness 

 

Surface roughness was measured using a profilometer and Ra parameter (µm) was 

measured (Hergott, 1989, Maalhagd-Fard, 2003).  Surface roughness measurements 

were conducted on the abraded surface of the specimens before the abrasion 

procedure and after 1000, 5000, 10000, 25000 cycles of mechanical toothbrushing 

respectively. The profilometer (Perthometer S3P, perthen, Feldkirchen, Germany) was 

set at a cut-off value of 0.25 mm.  
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Fig 5.5: Profilometer was used to measure the surface roughness Ra. 

 

5.2.4 Water Sorption 

 

Specimen preparation for Water Sorption  

 

The test was performed according to ISO 4049. Five disk-shaped specimens of each 

material were prepared (15.0±0.1mm in diameter and 1.0±0.1 mm thickness) 

according to ISO 4049 (Fig 5.6, Page 25). The specimens of each material were made 

and stored in water for 7 days and the mass of each specimen was measured. The 

specimen were dried again and dried specimen mass determined. The values for 

water sorption (Wsp) in micrograms was calculated for each of the five specimens. 

The specimens were transferred in one of the two desiccators maintained at 37oC. 

After 22 hours, specimens were removed, stored in the second desiccator maintained 

at 23oC for 2 hours and then weighed them to an accuracy of 0.1mg.  This cycle was 

repeated until a constant mass m1, was obtained i.e. until the mass loss of each 

specimen was not more than 0.1mg in any 24 hour period. After final drying, two 

measurements of the diameter were made and the mean diameter was calculated. 
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Subsequently, the thickness of the specimen was measured at the center of the 

specimen and at four equally spaced points on the circumference to an accuracy of 

0.01mm. Then, the area and volume V were calculated in square millimetres and cubic 

millimetres respectively. The specimens were immersed in water for 7 days at 37oC in 

such a way that they were vertically placed and there was a minimum of 3mm 

separation between specimens. The volume of water for immersion of the specimen 

was at least 10ml per specimen. After 7 days, the specimens were removed, washed 

with water, blotted surface water until free from visible moisture, dried in air for 15 

seconds and weighed 1 minute after removal from the water. The mass was then 

recorded as m2. After weighing, the specimens were reconditioned to constant mass 

in the desiccator using the cycle described above. The constant mass was recorded 

as m3.  The values for water sorption Wsp in micrograms were calculated for each of 

the five specimens. Sartorious weighing scale was used to measure the weight of the 

specimens. 

 

 

 

Fig.5.6:   Mold for Water sorption test according to ISO 4049. 
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The values for water sorption Wsp in micrograms were calculated for each of the five 

specimens using the following equation: 

 

                                  VmmWsp /32   

 

5.2.5 Smear Layer Formation 

 

Specimen preparation for Smear Layer test  

 

Each material was placed in Delrin-rings (d=20mm; h=3.5mm) closed with glass plates 

on one side. The opposite side was against air. Specimens were cured for 15 minutes 

at 23 oC in the Delrin-rings on a glass plate. The excess was removed using a spatula 

to create an even surface. The specimens were removed carefully from the glass plate 

and Delrin-ring after they were cured. Initial weighing M1 was determined from the 

specimens after curing. Second weighting M2 was determined after the specimens 

were cleaned with ethanol. Sartorious weighing scale was used to measure the weight 

of the specimens. 

 

Provisional crown and bridge materials were placed in a Delrin-ring (d=20mm; 

h=3.5mm) and closed with glass plates on one side. Avoid presence of air voids. The 

opposite side was either against air or impression material. Specimens were removed 

after they were cured for 15 minutes. Initial weighing (M1) was determined from the 

specimens after curing. Second weighing (M2) was determined after the specimens 

were cleaned with ethanol soaked tissue. Wait for 1 minute. In the case of impression 

materials, the impression plates were also weighed before and after material were 

cured (Bui et al., 2009).  

 

The plates were weighed using Sartorius weighing scale after making and another 

measurement was done after they are cleaned with ethanol and wait for at least 1 

minute. The difference of the two measurements represents the total amount of 

inhibition layer. 
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The area of each specimen was calculated using the following equation: 

 

   2
2

142.3
4

*
cm

cmd
A 


 

 

The smear layer for the PCB materials was calculated using the formula below: 

  

   
 

 2

2

21
cmmgX

cmF

mgmmgm
SL 


  

 

5.2.7 Vickers Hardness 

 

Specimen preparation for Vickers Hardness  

 

Five specimens of each material were prepared.  A metal mold (10mm diameter, 4mm 

thick) was used. Each material was used according to manufacturer’s instruction. The 

materials were allowed to polymerize within the mold for 15 minutes at room 

temperature. During polymerization, the specimen surfaces were covered with glass 

slide on both sides. The specimens were stored in water at for 24h at 38oC before 

testing. For the surface hardness measurements, a Vickers hardness tester (Zwick/ 

Roell Vickers Hardness testing machine) (Fig 5.7, Page 28) was used with a 0.5 kg load 

and 15 s dwell time according to the DIN EN ISO 6507-1. 5 hardness measurements 

were obtained on the top surface of each specimen. 

 

The DIN EN ISO 6507-1 process was followed: 

Hardness measurements on each specimen were made with a Vickers tester, Zwick 

Hardness testing machine with a load of 0.5 kg for 15s as described in DIN EN ISO 

6507-1. 



28 
 

 

 

Fig 5.7: Zwick/ Roell Vickers Hardness testing machine. 

 

On every test specimen, 5 measurements were made. The HV number (hardness 

scale Vickers) is determined by the ratio F/A where F is the force applied to the 

diamond in kilograms-force and A is the surface area of the resulting indentation in 

square millimeters. A can be determined by the formula: 

 










2136sin2

2

o

d
A  

Which can be approximated by evaluating the sine term to give 

8544.1

2d
A   

where d is the average length of the diagonal left by the indenter in millimeters. Light 

microscope (Fig 5.8, Page 30) was used to measure the extension of incidence. 

Hence, 



29 
 

2

8544.1

d

F

A

F
HV   

where F is in kgf and d is in millimeters. 

The corresponding units of HV are then kilograms-force per square millimeter 

(kgf/mm²).  

 

5.2.6 Microscopic Technique 

 

Scanning electron microscopy 

 

Specimens were gold coated (120s, 1000Hz) using a sputtering device (Balzers SCD 

050: Balzer Union, Balzers, Liechtenstein). A digital SEM photomicrograph with x100 

and x500 magnification was take of two different materials (Structur Premium and 

Structur 3) for 0 cycles with T1 and T2, 25,000 cycles with T1 and T2. The SEM 

evaluation was performed with ISI-SR-50 Scanning electron microscope, Akashi 

Seisakusha Co Ltd, Japan. A digital photomicrograph was taken with Digital Image 

processing software, DISS5 from the firm Point Electronic, Germany. Qualitative SEM 

analysis was done on the samples which were randomly selected. The specimens of 

Structur 3 after and before tooth brush abrasion cycle test for both polishing and 

finishing techniques were observed. 

 

 

Light microscopy  

 

Light microscope was used to measure the extension of incidence using Light 

microscope for precision measurement. Light microscope helped in accurate 

focussing and careful location of the ends of the diagonals. Samples were randomly 

selected and photographs made using Stemi SV Stereomicroscope. Structur 3 

specimens before and after tooth brush abrasion for both finishing and polishing 

technique (T1, T2) were observed under microscope. 

 

http://en.wikipedia.org/wiki/Kilograms-force
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Fig 5.8: Light microscope for evaluation of Vickers Hardness indents. 

 

 

5.2.7 Statistics 

 

Correlations were done between hardness, smear layer, water sorption, toothbrush 

abrasion and filler percentage employing Pearson correlation. All analysis was done 

using statistical software (SPSS for Windows, Version 12.0.1; SPSS. Chicago, III). 

 

The data was also evaluated by Kolmogorov-Smirnov test to determine the distribution 

of data.  Following which, a one-way analysis of variance (ANOVA) was used to 

evaluate the effect of material type on hardness, smear layer and water sorption. A 2-

way analysis of variance (ANOVA) method was used to evaluate the effect of material 

type, technique and cycles on toothbrush abrasion. Subsequently, Student-Newman-

Kewls (SNK) was employed for post-hoc test for pairwise comparison of sub-groups.  
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6. Results 

 

 

Fig 6.1: Graph representing Smear Layer of provisional crown and bridge materials. 

(Labelling: Table 5.1, Page 16) 

 

 

 

 

 

 

 

 

 

Table 6.1: Table representing Smear Layer of provisional crown and bridge materials. 

(Labelling: Table 5.1, Page 16) 

 

Based on the statistical analysis done for smear layer, Structur Premium showed the 

highest smear layer followed by Luxatemp Star, Visalys, Protemp 4, Structur 3 and 

Integrity. Trim did not demonstrate any smear layer. 

 

PCB Materials Smear Layer [mg/cm2] Standard deviation 

T 0.000 0.000 

I 1.573 0.848 

S3 1.710 0.865 

P4 2.619 0.769 

V 3.046 1.525 

LS 4.277 0.638 

SP 6.106 0.935 
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Fig 6.2: Graph representing Water sorption values of provisional crown and bridge 

materials. (Labelling: Table 5.1, Page 16) 

 

 

PCB Materials Water Sorption [µg/mm3] Standard deviation 

LS 10.412 0.956 

SP 13.293 0.165 

P4 14.396 0.354 

I 15.315 1.002 

S3 15.923 0.724 

V 18.315 0.548 

T 18.680 1.039 

 

Table 6.2: Table representing Water Sorption of provisional crown and bridge 

materials. (Labelling: Table 5.1, Page 16) 
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Based on the statistical analysis done for water sorption, Trim demonstrated the 

highest water sorption followed by Structur 3, Integrity, Protemp 4 and Structur 

Premium. Luxatemp Star showed the least water sorption. 

 

Fig 6.3: Showing Vickers Hardness of provisional crown and bridge materials. 

(Labelling: Table 5.1, Page 16) 

 

 

PCB Materials Vickers Hardness [kgf/mm²] 
Standard 
deviation 

T 8.260 0.705 

S3 13.434 0.752 

I 22.332 1.154 

V 25.752 1.194 

P4 27.656 1.330 

LS 37.294 3.135 

SP 40.428 0.693 

 

Table 6.3: Table representing Vickers Hardness of provisional crown and bridge 

materials. (Labelling: Table 5.1, Page 16) 
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Based on the statistical analysis done for Vickers Hardness, Structur Premium 

demonstrated the highest hardness followed by Luxatemp Star, Protemp 4, Visalys, 

Integrity, Structur 3 and Trim. Trim demonstrated the least hardness. 

 

 

 

 

Fig 6.4: Showing Surface Roughness vs number of toothbrush abrasion cycles using 

Technique 1. (Labelling: Table 5.1, Page 16) 

 

 

Technique T1

PCB Material 0 1000 5000 10000 25000

LS 0.708 0.632 0.534 0.504 0.524

SP 0.632 0.620 0.643 0.640 0.450

P4 0.934 0.712 0.534 0.502 0.536

I 0.711 0.558 0.463 0.611 0.393

S3 0.915 0.528 0.469 0.631 0.538

T 1.142 0.820 0.616 1.031 2.347

V 0.458 0.544 0.463 0.334 0.318

Number of toothbrush abrasion cycles

 

Table 6.4: Table representing Surface Roughness values (µm) vs number of 

toothbrush abrasion cycles using Technique 1. (Labelling: Table 5.1, Page 16) 
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Fig 6.5: Showing Surface Roughness vs number of toothbrush abrasion cycles using 

Technique 2. (Labelling: Table 5.1, Page 16) 

 

 

Technique T2

PCB Material 0 1000 5000 10000 25000

LS 0.578 0.496 0.436 0.406 0.432

SP 0.910 0.620 0.542 0.592 0.455

P4 0.674 0.402 0.371 0.352 0.384

I 0.768 0.520 0.505 0.453 0.397

S3 0.652 0.530 0.439 0.423 0.385

T 0.980 0.480 0.838 1.296 2.011

V 0.364 0.348 0.334 0.392 0.400

Number of toothbrush abrasion cycles

 

Table 6.5: Table representing Surface Roughness values (µm) vs number of 

toothbrush abrasion cycles using Technique 2. (Labelling: Table 5.1, Page 16) 

 

The influence of materials on toothbrush abrasion with 0 cycles proved to be significant 

according to the results of 2-way ANOVA (P=0.00). However, the influence of 

techniques and the interaction on toothbrush abrasion did not prove to be significant 
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according to the results of 2-way ANOVA (P=0.114 and P=0.077). Similar results were 

seen for 25,000 cycles as well. 

 

Based on tests (T1) for toothbrush abrasion, Trim showed the highest toothbrush 

abrasion whereas Visalys Temp showed the least tooth brush abrasion amongst all 

materials. Also, on comparing the results for zero cycles through 25,000 cycles, the 

toothbrush abrasion increased by 105% for Trim whereas there was a decrease for 

other products (26% for Luxatemp Star, 45% for Integrity, 29% for Structur Premium, 

41% for Structur 3, 43% for Protemp 4, 31% for Visalys Temp). As per the tests 

conducted, polish of Visalys Temp was better as compared to other materials.  

 

 

 

 

 

Fig 6.6: SEM micrograph of Structur 3 showing tooth brush abrasion after 25000 

cycles in the upper half. The lower half represents area after polishing and finishing 

with Technique 1. 
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Fig 6.7: SEM micrograph of Structur 3 shows area after polishing and finishing with 

Technique 1 at magnification, 100x. 

 

 

 

Fig 6.8: SEM micrograph of Structur 3 shows area after polishing and finishing with 

Technique 1 at magnification, 500x. 
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Fig 6.9: SEM micrograph of Structur 3 shows area after 25000 cycles of tooth brushing 

with Technique 1 at magnification, 100x. 

 

 

 

Fig 6.10: SEM micrograph of Structur 3 shows area after 25000 cycles of 

toothbrushing with Technique 1 at magnification, 500x. 
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Fig 6.11: SEM micrograph of Structur 3 showing tooth brush abrasion after 25000 

cycles in the upper half. The lower half represents area after polishing and finishing 

with Technique 2 (initial situation before toothbrush abrasion, 100x). 

 

 

 

Fig 6.12: SEM micrograph of Structur 3 shows smooth texture surface after 25000 

cycles of tooth brushing with Technique 2 at magnification, 100x. 
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Fig 6.13: SEM micrograph of Structur 3 shows area after polishing and finishing with 

Technique 2 at magnification, 500x. 

 

 

 

Fig 6.14: SEM micrograph of Structur 3 shows area after 25000 cycles of tooth 

brushing with Technique 1 at magnification, 100x. 
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Fig 6.15: SEM micrograph of Structur 3 shows area after 25000 cycles of tooth 

brushing with Technique 2 at magnification, 500x. 

 

 

 

Fig 6.16: LM micrograph of Structur 3 showing tooth brush abrasion after 25000 cycles 

in the upper half. The lower half represents area after polishing and finishing with 

Technique 1. 
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Fig 6.17: LM micrograph of Structur 3 showing tooth brush abrasion after 25000 cycles 

in the upper half. The lower half represents area after polishing and finishing with 

Technique 2. 

 

The surface of the sample showed two different patterns. The upper half of the sample 

represents the surface after 25,000 abrasion cycles. The lower part represents the 

area at 0 cycles. The surface of the Specimen showed alterations after 25,000 cycles 

of toothbrush abrasion as compared to the 0 cycles.  The surface of Structur 3 

appeared smoother and highly polished after 25,000 cycles of tooth brush abrasion.  
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7. Discussion 

 

Water sorption property of a material plays an important role in its dimensional 

stability, swelling, absorption of odours, support of bacteria, colour changes and 

distortion (Al-Habahbeh, 2007). Based on the statistical analysis done for water 

sorption, Trim demonstrated the highest water sorption followed by Structur 3, 

Integrity, Protemp 4 and Structur Premium. Luxatemp Star showed the least water 

sorption. This infers that PEMA have higher water sorption as compared to bis-acryl 

materials. This can be explained by the fact that resins such as Trim are derived from 

ethylene that contain polyacids  Due to polyacids being  hard and transparent, their 

polarity causes them to imbibe water and thereby, demonstrate a higher water 

sorption. 

 

The Vickers Hardness test is based on the ability of the surface of any material to 

resist the penetration of a specific tip with a given load for a specific time (Hilgenberg 

et al., 2008). In the present study, Structur Premium was the hardest followed by 

Luxatemp Star, Protemp, Visalys, Integrity, Structur 3, and Trim. This infers that 

PEMA products have less hardness as compared to other provisional crown and 

bridge materials. This can be attributed to the difference in chemical composition of 

the bis-acryl and polyvinlethyl methacrylate materials. The bi-functional acrylates 

provide cross-linkage in the base paste of bis-acryl composites which make them 

mechanically strong. On the other hand, PEMA such as Trim demonstrate lack of 

cross links (Diaz-Arnold et al., 1999, Ireland et al., 1998). 

 

Based on results for the evaluation of for smear layer thickness, Trim did not show any 

smear layer whereas Structur Premium showed the thickest smear layer amongst the 

group. Amongst the bis-acryl materials, Structur Premium demonstrated the maximum 

oxygen inhibited layer followed by Luxatemp Star, Visalys, Protemp 4, Structur 3 and 

Integrity. No inhibition layer was observed with Trim, as the Trim liquid rapidly 

evaporated at high vapour pressure when exposed to the surface (3mmHg at 20oC) 

(Balkenhol et al., 2008b). All the other Bis-acryl materials showed presence of an 

oxygen inhibited layer. This could be due to difference in composition as compared to 
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a monomethacrylate material. Structur Premium demonstrated a very pronounced 

effect. 

 

Based on tests (T1) for toothbrush abrasion, Trim showed the highest toothbrush 

abrasion whereas Visalys Temp showed the least tooth brush abrasion amongst all 

materials. This infers that bis-acrylic materials demonstrate lower surface roughness 

values at baseline than PEMA materials. This may be due to difference in chemical 

and microstructural differences between the materials. 

 

Also, on comparing the results for zero cycles through 25,000 cycles, the toothbrush 

abrasion increased by 105% for Trim whereas there was a decrease for other products 

(26% for Luxatemp Star, 45% for Integrity, 29% for Structur Premium, 41% for Structur 

3, 43% for Protemp 4, 31% for Visalys Temp). Changes in surface profile after 

toothbrush abrasion are dependent upon various factors such as size of fillers. For 

bis-acrylic materials, smaller the size of the filler particles lesser the increase in 

roughness during abrasion. Large filler particles highly exposed on the surface will 

produce large surface roughness values.  However, for PEMA materials without filler 

particles, they are more likely to undergo gouging by abrasive particles and have 

higher surface roughness (Mayer, 1995). 

 

There was a very strong positive relationship between smear layer and hardness (r2 = 

0.9448). There was a strong inverse relationship between water sorption and hardness 

(r2 = -0.7700) and between toothbrush abrasion and filler percentage (r2 = -0.8247). 

There was almost no linear relationship between filler percentage and smear layer (r2 

= 0.3443), toothbrush abrasion and water sorption (r2 = 0.4722), hardness and filler 

percentage (r2 = 0.4544) and filler percentage and water sorption (r2 = 0.1095). 

Similarly, there was almost no inverse relationship between toothbrush abrasion and 

hardness (r2 = -0.6286), toothbrush abrasion and smear layer (r2 = -0.6068) and water 

sorption and smear layer (r2 = -0.6748). 

 

Based on the correlation done between polish retention and related material 

parameters, the following trends were determined. 
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Fig 7.1: Correlation between Vickers Hardness and Smear layer. 

 

 

Based on the correlation determined between Vickers hardness and smear layer, 

materials that are harder demonstrate a higher smear layer.  
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8. Conclusion 

Correlations were drawn between surface roughness of seven commonly used 

provisional crown and bridge materials and polishing techniques used, micro-

hardness, water sorption, filler configuration and smear layer thickness. 

 

The correlation showed that there was a very strong relationship between smear layer 

and hardness. A strong negative correlation existed between water sorption and 

hardness and between toothbrush abrasion and filler percentage. There was almost 

no linear relationship between filler percentage and smear layer, toothbrush abrasion 

and water sorption, hardness and filler percentage and filler percentage and water 

sorption. Similarly, there was almost no inverse relationship between toothbrush 

abrasion and hardness, toothbrush abrasion and smear layer and water sorption and 

smear layer. 

 

There was no effect of applied technique on polish retention. Bis-acryl materials 

showed superior properties as compared to PEMA base material. Polish retention of 

Visalys Temp was better as compared to other materials. PEMA (Trim) was least hard 

and had the highest water absorption results. Trim was also the roughest, which meant 

that it had the least polish retention. Moreover, it demonstrated no smear layer. 

Structur Premium showed the highest hardness and the maximum residual smear 

layer thickness. Regarding water sorption, Luxatemp star demonstrated the lowest 

values. 
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10. Symbols and Abbreviations 

 

A    area 

°C   degree Celsius 

d   diameters  

F   force 

G   grams 

Hz   Hertz 

H   hours 

Kg   kilograms 

kgf/mm²  kilograms-force per square millimeter  

μg/mm3          microgram per kilometre cubed 

μm   micrometer 

mg                      milligrams 

mg/cm2                milligram per square centimeter 

ml                      millilitre 

mm   millimeter 

mmHg              millimeter of mercury 

N   Newton 

n   number of specimens 

%   percentage 

Rpm   revolutions per minute 

SEM   Scanning electron microscopy 

s           seconds 

mm2    Square millimeter 

Ra   Surface Roughness 

sin   unit radian 

V   Volume 
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12. Appendix 

Table A1. One-way ANOVA for provisional crown and bridge materials and hardness 

procedures. 

 

 Sum of 

squares 

Df Mean 

squares 

F P 

Between the 

groups 

4089.501 6 681.583 300.113 .000* 

Within the 

group 

63.590 28 2.271   

Total 4153.091 34    

df, degrees of freedom 

* Significant difference at P<.05 

 

Table A2. Mean (SD) of hardness and differences between groups for provisional 

crown and bridge materials. 

 

Group Mean value (standard 

deviation) 

Trim 8.26 (.71)a 

Structur 3 13.43 (.75)b 

Integrity 22.33 (1.15)c 

Visalys 25.75 (1.19)d 

Protemp 4 27.66 (1.33)d 

Luxatemp Star 37.29 (3.14)e 

Structur Premium 40.43 (.69)f 

* Different letters indicate significantly different groups (P<.05) 
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Table A3. One-way ANOVA for provisional crown and bridge materials and water 

sorption procedures. 

 Sum of 

squares 

Df Mean 

squares 

F P 

Between the 

groups 

247.798 6 41.300 72.683 .000* 

Within the 

group 

15.910 28 .568   

Total 263.708 34    

df, degrees of freedom 

* Significant difference at P<.05 

 

 

Table A4. Mean (SD) of water sorption and differences between groups for 

provisional crown and bridge materials. 

Group Mean value (standard 

deviation) 

Luaxtemp Star 10.41 (.956)a 

Structur Premium 13.29 (.165)b 

Protemp 4 14.40 (.354)c 

Integrity 15.31 (1.002)c 

Structur 3 15.92 (.724)c 

Visalys 18.31 (.548)d 

Trim 18.68 (1.039)d 

* Different letters indicate significantly different groups (P<.05) 
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Table V. One-way ANOVA for provisional crown and bridge materials and smear 

layer procedures. 

 

 Sum of 

squares 

Df Mean 

squares 

F P 

Between the 

groups 

166.111 6 27.685 34.218 .000* 

Within the 

group 

33.981 28 .809   

Total 200.092 34    

df, degrees of freedom 

* Significant difference at P<.05 

 

Table VI. Mean (SD) of smear layer and differences between groups for provisional 

crown and bridge materials. 

 

Group Mean value (standard 

deviation) 

Trim 0 (0)a 

Integrity 1.57 (.848)b 

Structur 3 1.71 (.865)b 

Protemp 4 2.62 (.769)c 

Visalys 3.05 (1.525)c 

Luxatemp Star 4.28 (.638)d 

Strutur Premium 6.11 (.935)e 

* Different letters indicate significantly different groups (P<.05) 
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Table VII. 2-way ANOVA for provisional crown and bridge materials with 0 cycles as 

baseline for toothbrush abrasion test. 

 

 Sum of 

squares 

Df Mean 

squares 

F P 

Technique .099 1 .099 2.565 .114 

Material 1.898 6 .316 8.204 .000 

Interaction .463 6 .077 2.000 .077 

Error 2.699 70 .039   

df, degrees of freedom 

* Significant difference at P<.05 

 

Table VIII. 2-way ANOVA for provisional crown and bridge materials with 25,000 

cycles for toothbrush abrasion test. 

 

 Sum of 

squares 

Df Mean 

squares 

F P 

Technique .487 1 .487 2.941 .091 

Material 31.491 6 5.248 31.692 .000 

Interaction 1.625 6 .271 1.635 .150 

Error 11.593 70 .166   

df, degrees of freedom 

* Significant difference at P<.05 

 

 

 

 

 

 

 



60 
 

 

 

 

 

 

Table IX. Mean of toothbrush abrasion and differences between groups for provisional 

crown and bridge materials for zero and 25,000 cycles. 

 

Group Mean value (zero 

cycles) 

Mean value 

(25,000 cycles) 

Visalys 0.342 0.355 

Luxatemp Star 0.536 0.467 

Integrity 0.616 0.387 

Structur Premium 0.642 0.423 

Structur 3 0.653 0.447 

Protemp 4 0.670 0.434 

Trim 0.884 2.166 

 

 

 

 

Table X. Correlation coefficients (r) amongst the properties tested. 

  

Pearson 

correlation (r) 

Filler 

Percentage 

Hardness Smear 

Layer 

Water 

Sorption 

Toothbrush 

Abrasion 

-0.8247 -0.6286 -0.6068 0.4722 

Water 

Sorption 

-0.1095 -0.7700 -0.6748  

Smear Layer 0.3443 0.9448   

Hardness 0.4544    
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