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Abstract

Objectives: To compare an ormocer with a first generation ormocer‐based

composite and a nanocomposite in terms of surface roughness, surface hardness,

and microleakage.

Materials and Methods: An ormocer (Admira Fusion), a first generation ormocer‐

based composite (Admira) and a nanocomposite (Filtek Z350 XT) were prepared

strictly in accordance with the manufacturer's instruction and recommendation to

provide optimal material properties. Twelve disk samples of each material were

evaluated to assess both surface roughness and surface hardness. For surface

roughness, all samples were finished, polished, and Ra values measured with a

profilometer. For surface hardness, samples were stored in an incubator, polished

and a Vickers diamond indenter was used to record values. For microleakage, 36

standardized, Class V cavities were prepared and randomly divided into three

groups. Restored teeth were thermally fatigued, immersed in 2% methylene blue

solution for 48 h, sectioned, and scored for occlusal and gingival microleakage.

Results: Statistical significance was set at p < .05. The one‐way analysis of

variance identified no significant difference in terms of surface roughness between

the three material groups (p > .05). A significantly higher surface hardness was

identified for the nanocomposite compared to both the ormocer (p < .001) and

ormocer‐based composite (p < .001). Fisher's exact test identified no significant

difference in terms of occlusal microleakage (p = .534) and gingival microleakage

(p = .093) between the three material groups.

Conclusions: No significant differences in terms of surface roughness or

microleakage were noted. The nanocomposite was significantly harder than the

ormocer materials.
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1 | INTRODUCTION

Resin composite is a popular, universally used, tooth colored, direct

restorative material (Zimmerli et al., 2010). Interest in resin

composite increased due to the material's superior esthetics and

advantages of adhesive technology when used in conjunction with a

bonding system (Zimmerli et al., 2010). Controlling the degree of

cure, polymerization shrinkage and adhesion to adhesive systems and

tooth structure are critical to improve biocompatibility and biofunc-

tional properties of resin‐based dental composites (Alshali

et al., 2013). Materials are exposed to stress during polymerization

shrinkage of the matrix as well as aging in the oral environment

(Ferracane et al., 1998). Saliva's aqueous medium, masticatory forces,

variations in pH, and temperature fluctuations exert detrimental

effects on the resin matrix and fillers (Monsarrat et al., 2017).

Persistent complications, such as gap formation with the possibility of

secondary caries, were experienced with initial tooth‐colored

restorations, caused by polymerization shrinkage (Browning &

Dennison, 1996). Additional complications included fractures due to

the loss of occlusal relationships, increased degradation, and wear

(Browning & Dennison, 1996). To overcome these obstacles, new

matrices were developed and the filler content manipulated in terms

of size, shape, type, and amount of filler used in the resin composite

matrix (Monsarrat et al., 2017).

Much progress has been made regarding the composition of filler

technology in resin composites over the years (Rosin et al., 2007).

However, no fundamental changes have been made to the composi-

tion of the monomer matrix since the introduction of dimethacrylates

by Bowen in the early 1960 (Bowen, 1962). In response to this,

ormocers, a new dimethacrylate‐diluent‐free matrix formulation,

were developed as a new material class (Moszner et al., 2008). The

word ormocer is an acronym for organically modified ceramic (Wolter

et al., 1992). This unique material group is an organically modified,

non‐metallic, inorganic compound material (Wolter et al., 1992).

Ormocers were originally designed for use in science and technology

(Wolter et al., 1994), and were manufactured for special uses such as

non‐stick surfaces, non‐reflective coatings, protective coatings, and

anti‐static coatings (Zimmerli et al., 2010). Ormocers differ uniquely

from conventional composites in that the matrix has both an organic

and inorganic component (Wolter et al., 1994). Synthesis of the

ormocer matrix is based on a saline precursor (Wolter et al., 1994).

Multifunctional urethane and thioether(meth)acrylate alkoxysilanes

are used to synthesize this material via a solution and gelation (sol‐

gel) process (Wolter et al., 1994). Organically modified ceramic

particles are created by hydrolyses and inorganic polycondensation in

this sol‐gel process (VOCO, 2021). Unlike conventional composites

that present with a carbon backbone, the ormocer resin matrix

consists of an inorganic silicon dioxide backbone on which

polymerizable carbon‐carbon double‐bond‐containing side‐chains

are grafted, producing three‐dimensional compound polymers

(Bottenberg et al., 2007). Ormocers can therefore be described as

three dimensionally cross‐linked copolymers within the matrix

presenting as polymers even before light curing (Kalra et al., 2012;

Wolter et al., 1994).

The first generation of ormocers was expected to combine both

the advantages of inorganic polymers (e.g., thermal stability,

mechanical strength, and chemical resistance) and organic polymers

(e.g., flexibility and impact resistance) (Shafqat et al., 2014). However,

due to the ongoing challenges to improve handling properties and to

incorporate filler particles, conventional dental monomers, such as

bisphenol‐A glycidyl dimethacrylate (Bis‐GMA) and urethane di-

methacrylate (UDMA), had to be added to the ormocer matrix,

diminishing the initial promising advantages of this material (Moszner

et al., 2008; Stadermann & Klemm, 1998). It therefore becomes

necessary to refer to this added dimethacrylate, first generation

ormocer materials as ormocer‐based composites (Moszner

et al., 2008).

The ormocer, Admira Fusion (VOCO GmbH), was introduced to

the market in 2015, as the world's first pure ceramic‐based

restorative material (VOCO, 2016). Admira Fusion features pure

ormocer matrix chemistry without the addition of conventional

dimethacrylates (Moszner et al., 2008; VOCO, 2016). Ormocers are

formed with the combination of nanohybrid technology and ormocer

technology (Sivakumar & Valiathan, 2006; VOCO, 2021). This

material is prominent because of its highly cross‐linked structure on

the one hand and its tremendous amounts of linking units in the form

of the double bonds on the other (Kalra et al., 2012; VOCO, 2021). It

has a much higher bond compatibility than conventional composites

because of the high degree of cross linkages between the chemical

elements (VOCO, 2021).

Obtaining adequate surface hardness ensures that restorative

materials will be able to withstand forces in dental stress bearing

areas (Marghalani, 2010a). Surface roughness is an important

property for clinical esthetics, resistance to dental plaque accumula-

tion and ultimately the longevity of the restoration (Mair et al., 1996).

Without an adequate marginal seal, microleakage will occur at the

tooth‐restoration interface, resulting in failure of the restoration

(Sudhapalli et al., 2018). Surface roughness, surface hardness, and

microleakage can therefore be regarded as material properties that

contribute to the longevity of resin composite restorations (Mair

et al., 1996; Marghalani, 2010a; Sudhapalli et al., 2018). There is

currently a limited body of evidence comparing the material

properties of ormocers to ormocer‐based composites and

nanocomposites.

The aim of this study was to determine whether a new

generation of ormocers exhibits any clear advantages in terms of

surface roughness, surface hardness, and microleakage when

compared to conventional nanocomposites.

An additional aim of this study was to determine if there have

been any improvements in pure ormocers compared to the first

generation ormocer‐based composites in terms of surface roughness,

surface hardness, and microleakage.

The null hypothesis was that there would be no difference in

terms of surface hardness, surface roughness, and microleakage
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between the new generation ormocer, nanocomposite, and ormocer‐

based composite.

2 | MATERIALS AND METHODS

Ethical approval for this study was granted by the Research Ethics

Committee, Faculty of Health Sciences, University of Pretoria (protocol

number 207/2019). Composition, batch number and manufacturer's of

the materials used in this study are listed inTable 1. Polishing systems and

adhesives were used strictly in accordance with the recommendation and

instruction of the individual manufacturer's of the restorative materials, to

provide optimal material properties.

Data was observed on a continuous scale and groups were compared

using analysis of variance (ANOVA) and when adjusting for baseline an

analysis of covariance was used. Variation was expected to be small and

hence for each of the three experiments a sample size of at least 12

samples per group, that is, at least 36 per experiment, were adequate as

the residual degrees of freedom were at least 33. The latter is in line with

the norm for acceptable sample size when residual degrees of freedom

are at least 30. A conservative approach was followed here, compared to

the norm of 14 residual degrees of freedom, which is often accepted

when small variation is expected, that is, 6 teeth per group.

2.1 | Sample fabrication

2.1.1 | Surface roughness and surface hardness

Twelve samples of each material, a ormocer (Admira Fusion; VOCO

GmbH) a first generation ormocer‐based composite (Admira; VOCO

GmbH) and a nanocomposite (Filtek Z350 XT; 3M; ESPE), were prepared

using cylindrical aluminum moulds, 10mm diameter x 2mm height

(Kritzinger et al., 2017). The same investigator performed all sample

preparations. Shade A2 was chosen and a 2mm material thickness since

most composites are placed and cured in 2mm increments (Caughman

et al., 1995; Rueggeberg et al., 1993). Samples for both surface roughness

and surface hardness were prepared in the same manner.

Each material was expressed into cylindrical molds using a

composite gun. The moulds were slightly overfilled with each

material and Mylar strips placed on either side of the uncured

material and pressed between two glass slides, 1 mm thick, in

accordance with previously described methodology (Beltrami

et al., 2018; Kritzinger et al., 2017). Light finger pressure was used

to extrude excess material (Beltrami et al., 2018; Kritzinger

et al., 2017). Thereafter, all materials were polymerized, through a

1mm glass slide; using a D‐Light Pro dual wavelength LED curing

light (GC Europe) on a high power mode (1400mW/cm2). Polymeri-

zation was performed through the top and bottom of the glass slide

for the duration instructed by the individual manufacturer's (20 s for

Amira Fusion, 40 s for Admira, and 10 s for Filtek Z350 XT)

(Taher, 2005). A bluephase radiometer (Ivoclar Vivadent) was used

to test the intensity of the curing light before curing each sample.

2.1.2 | Microleakage

A total of 18 non‐carious, crack and restoration free human

premolars, extracted for reasons unrelated to this study, were

collected in accordance with the ethical guidelines of The Research

Ethics Committee, Faculty of Health Sciences, University of Pretoria.

After debridement with a universal scaler (NSK Varios 370; NSK), the

teeth were stored in distilled water at room temperature for no

longer than 1 month (Haller et al., 1993; Hooshmand et al., 2013;

Mahmoud & Al‐Wakeel Eel, 2011).

Using a high speed handpiece (NSK DynalLEDM600LGQD; NSK)

mounted with a water‐cooled, diamond dome end fissured bur (ISO

838.012 E11.001FG; Edenta AG), 36 box‐shaped, standardized, non‐

bevelled Class V cavities were prepared on the buccal and lingual

surface of each tooth (Haller et al., 1993; Hooshmand et al., 2013).

Parameters of each cavity were approximately 3mm x 3mm x 2mm,

outlined by a permanent marker and dimensions confirmed using a

Hu‐Friedy Williams periodontal probe (Hu‐Friedy Mfg. Co.; LLC)

(Hooshmand et al., 2013; Jacker‐Guhr et al., 2016). The bur was

replaced after every fifth preparation, and the cavities were prepared

in such a way that the cemento‐enamel junction was located in the

middle of each preparation (El‐Housseiny & Farsi, 2002; Hooshmand

et al., 2013; Synarellis et al., 2017).

Following preparation, the teeth were randomly divided into

three groups of six teeth containing a buccal and lingual cavity

preparation. In each group, the cavities were packed with a

restorative material and its corresponding bonding system according

to the recommendations and instructions of the respective manufac-

turer's (Group 1: Admira Fusion with Futurabond U [VOCO GmbH],

Group 2: Admira with Admira Bond [VOCO GmbH], and Group 3:

Filtek Z350 XT with Adper Single Bond Universal Adhesive [3M

ESPE]). Composition, batch number, and manufacturer's of all

bonding systems are listed in Table 1. Using the recommended

bonding agent for each of the restorative materials ensured optimal

material properties for each individual material. The restorative

materials were placed in a single increment and light cured using a D‐

Light Pro dual wavelength LED curing light (GC Europe). A bluephase

radiometer was used to test the intensity of the curing light before

curing each sample. Restorations were then worked off with fine‐grit

finishing flame shaped diamond burs and polished with the

manufacturer's recommended polishing systems (Erdilek et al., 2009;

Hooshmand et al., 2013). The same operator prepared all of the

cavity preparations, as well as the total etch techniques, bonding, and

material placement for each sample.

2.2 | Surface roughness

After polymerization, the material samples were removed from the

molds using finger pressure, and glued to a transparent plastic

backing. Before polishing samples were mounted on a wheel

template with three markings: 0°, 120,° and 240°. Three Ra

measurements in different directions were recorded for each sample
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using a Surftest SJ 210 profilometer (Mitutoyo). This was done in

accordance with previous studies to ensure a representative surface

roughness value for the entire sample and not only the roughness of

a certain area on the sample (Korkmaz et al., 2008; Kritzinger

et al., 2017; Scheibe et al., 2009; Türkün & Türkün, 2004). The

profilometer was calibrated after each sample.

Samples were then finished with a fine grit (red stripe), flame‐

shaped finishing diamond bur ISO 806 314 249 514 012 (Dentsply

Sirona/Maillefer) followed by an extra fine grit (yellow stripe) flame

shaped finishing diamond bur, ISO 806 314 249 504 012 (Dentsply

Sirona/Maillefer), under copious amounts of water spray for

10 s (Kritzinger et al., 2017). The rotation speed of the bur,

200,000 rpm, was regulated by an NSK NLX nano electric micro-

motor (NSK). Samples were finished and polished using the

manufacturer's recommended polishing system (Dimanto; Voco

GmbH for Admira and Amira Fusion and Sof‐Lex Diamond Polishing

System; 3Mm ESPE for Filtek Z350 XT) in the direction of an arrow

that was marked on a transparent plastic backing as performed in a

previous study (Senawongse & Pongprueksa, 2007). A new polishing

bur was used for each sample and polished for 20 s, under copious

water‐cooling. After polishing, the samples were again mounted on

transparent backing and three measurements of the polished surface

in different directions were recorded for each sample.

2.3 | Surface hardness

To simulate the oral environment, samples were placed in distilled

water and stored in an incubator (Binder ED23) at 37 ± 1°C, for 24 h

(Ciccone‐Nogueira et al., 2007; Poggio et al., 2018; Say et al., 2003).

One surface of each sample was polished with silicon carbide paper in

the series of 400‐800‐1200 grit under profuse water‐cooling

(Hooshmand et al., 2013; Manhart et al., 2000; Say et al., 2003).

Hardness was then tested using a Vickers Diamond Indenter

(Struers; Duramin‐40 AC 3) at a 500 g load with a dwell time of

40 s (Hahnel et al., 2010; Say et al., 2003). Five hardness values were

recorded on the polished surface of each sample and averaged as a

single value (Poggio et al., 2018; Schneider et al., 2011). The five

indentations were equally placed in a straight line and neither closer

than 0.5 mm to the adjacent indentation (Poggio et al., 2018).

2.4 | Microleakage

Following preparation, samples were stored in distilled water within a

Binder incubator at 37± 1°C, for 7 days to allow for water‐absorption and

to simulate the oral environment (Erdilek et al., 2009; Hooshmand

et al., 2013; Poggio et al., 2018; Say et al., 2003). After storage, each

group was marked and subjected to 3000 cycles of thermocycling

(Cooling and heat bath: PolyScience; Thermal cycler: Proto‐tech) varying

between 5°C and 55°C, with a dwell time of 20 s to simulate clinical

stress (Hooshmand et al., 2013; Synarellis et al., 2017). Silicon moulds

where then used to seal the root apices with clear self‐cure acrylic resin

(Excel Rapid Repair Cold Cure Acrylic; Wright Health Group Ltd), to

prevent dye penetration through the apical foramen (Sudhapalli

et al., 2018). Tooth surfaces were coated with two coats of nail varnish

up to 2mm from themargins of each restoration (Hooshmand et al., 2013;

Kubo et al., 2001). Samples were immersed in 2% methylene blue dye

solution for 48 h at room temperature, after which they were rinsed and

dried (Kalra et al., 2012). The nail varnish was removed with hand

instruments and the samples were embedded in clear self‐cure acrylic

resin, using a silicone mold (Erdilek et al., 2009). An ISOMET low‐speed

precision section blade (Buehler) with water‐cooling was used to cut each

sample vertically in a bucco‐lingual direction through the center of the

restoration (Hooshmand et al., 2013; Kubo et al., 2001). Using an

Olympus SZX7 Stereomicroscope (Olympus Corporation) at x25 magnifi-

cation, sections of each group were visually examined for dye penetration

(Erdilek et al., 2009; McHugh et al., 2017).

Microleakage was scored according to the criteria outlined in

Figure 1, described as follows:

Occlusal margin: (Garapati et al., 2014)

1‐ No dye penetration.

2‐ Dye penetration not extending beyond the dentine‐enamel

junction.

3‐ Dye penetration further than the dentine‐enamel junction but

not beyond the junction of the occlusal and axial wall.

4‐ Dye penetration along the axial wall.

5‐ Dye penetration beyond the cavity depth in the pulpal direction.

Gingival margin: (Erdilek et al., 2009)

1‐ No dye penetration.

2‐ Dye penetration that extended less than or up to ½ of gingival wall.

F IGURE 1 Graphical illustration of the criteria used to score the
occlusal and gingival microleakage.
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3‐ Dye penetration further than ½ or up to ¾ of the gingival wall.

4‐ Dye penetration greater than ¾ of the gingival wall or up to and

along the axial wall.

5‐ Dye penetration beyond the gingival and axial wall in the pulpal

direction.

2.4.1 | Stereomicroscope images

Figures 2–6 are representative photos of each group of microleakage

scoring (magnification x25).

The results of both surface roughness and surface hardness were

compared in one‐way ANOVA. Occlusal and gingival microleakage

data for the three materials were compared using Fisher's exact test.

Pairwise comparisons among the materials were tested with the

Bonferroni adjustment. Significant values were set at p < .05.

F IGURE 2 Sample with an occlusal microleakage score of 1 and a
gingival microleakage score of 4.

F IGURE 3 Sample with an occlusal microleakage score of 3 and a
gingival microleakage score of 1.

F IGURE 4 Sample with an occlusal microleakage score of 4 and a
gingival microleakage score of 2.

F IGURE 5 Sample with an occlusal microleakage score of 2 and a
gingival microleakage score of 0.

F IGURE 6 Sample with an occlusal microleakage score of 4 and a
gingival microleakage score of 3.
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3 | RESULTS

3.1 | Surface roughness

No statistical significant differences were found between the three

material groups (p > .05), before polishing. Pairwise comparisons

between materials after polishing with the manufacturer's recom-

mended polishing systems demonstrated no statistically significant

difference between the surface roughness of the ormocer, with both

the ormocer‐based composite and the nanocomposite (p > .05).

3.2 | Surface hardness

Pairwise comparisons between the three tested materials

differed significantly with respect to surface hardness (p < .05).

The results of this study revealed that the ormocer and the

ormocer‐based composite did not differ significantly (p = .617).

The nanocomposite did however differ significantly from the

ormocer (p < .001), showing statistically significant higher surface

hardness vallues.

3.3 | Microleakage

The results of the microleakage testing are demonstrated in Tables 2

and 3. No statistically significant differences were revealed in terms

of occlusal microleakage between the ormocer with the ormocer‐

based composite and the nanocomposite (p = .534) (Table 2).

Fisher's exact test also revealed no statistically significant

differences between the materials with respect to gingival micro-

leakage (p = .093) (Table 3).

4 | DISCUSSION

In terms of surface roughness and microleakage, the null hypothesis

was proven. For these material properties, no statistical differences

between the ormocer, the ormocer‐based composite, or the

nanocomposite existed.

However, in terms of surface hardness the null hypothesis was

rejected. The nanocomposite showed statistical significantly higher

surface hardness compared to the ormocer and the ormocer‐based

composite.

4.1 | Surface roughness

While the initial high shine of a restoration may be important to the

patient, the surface quality of the restoration after months and years

of service is of concern to the dentist (Ferracane, 2011).

Both intrinsic and extrinsic factors affect the surface roughness

of resin composites (Marghalani, 2010b). Intrinsic factors include

durability of the filler and resin matrix bond, filler type, size, shape

TABLE 2 Occlusal microleakage scores.

Occlusal microleakage (%)

Score 0 1 2 3 4 Total

Ormocer 8.31 (a1) 8.33 (a1) 16.67 (a2) 16.67 (a2) 50.00 (a6) 100 (a12)

Ormocer‐based composite 16.67 (a2) 16.67 (a2) 8.33 (a1) 41.67 (a5) 16.67 (a2) 100 (a12)

Nanocomposite 0 8.33 (a1) 16.67 (a2) 50.00 (a6) 25.00 (a3) 100 (a12)

pb = .534.

aNumber of the 12 samples tested with the same score.
bFisher's exact test.

TABLE 3 Gingival microleakage scores.

Gingival microleakage (%)

Score 0 1 2 3 4 Total

Admira Fusion 0 0 0 33.33 (a4) 66.67 (a8) 100 (a12)

Admira 0 16.67 (a2) 8.33 (a1) 25.00 (a3) 50.00 (a6) 100 (a12)

Filtek Z350 XT 16.67 (a2) 16.67 (a2) 0 0 66.67 (a8) 100 (a12)

pb = .093

aNumber of the 12 samples tested with the same score.
bFisher's exact test.
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and distribution, the type of material, its resin matrix composition,

and degree of polymerization (Marghalani, 2010b). The various

methods of finishing and polishing relate to the extrinsic factors and

entail the characteristics of the polishing tool such as its flexibility,

geometrical shape, abrasive particles, and its method of application

(Buchgraber et al., 2011). In the current study, no statistically

significant differences were found between the three material groups

after curing through a Mylar strip before polishing. During the

process of finishing and polishing, resin matrix is removed between

the filler particles and as a result filler particles are more prominent

on the composite surface, resulting in increased surface roughness

(Goncalves et al., 2008). Finishing and contouring of the restoration

after placement become necessary to correct the morphology and

shape of a tooth before polishing (Anusavice & Phillips, 2003). To

mimic the most likely clinical conditions, all samples were first

contoured with diamond‐finishing burs. Previous studies have

suggested that each material behaves independently of the various

polishing techniques (Antonson et al., 2011; Marghalani, 2010b).

Since certain polishing techniques are better suited to specific

materials, polishing of the different materials in the current study was

done strictly according to the manufacturer's recommendations and

instructions.

After polishing each of the materials, the results of this study

showed no statistically significant difference between the surface

roughness of the ormocer with the ormocer‐based composite and the

nanocomposite. The lack of significant differences suggest that

the ormocer exhibits approximately the same surface roughness as

the other two materials. This finding was similar to a study done by

Hahnel et al. (2010), that showed no significant difference in the

surface roughness of a ormocer when compared to a nanocomposite.

In a study done by Baseren (2004), both the ormocer‐based

composite (Admira) and the nanocomposite (Filtek Supreme; 3M

ESPE) were polished with multiple different polishing systems, but

there was no significant difference in surface roughness among the

tested materials (p > .05). In Baserens' (2004) study there were,

however, statistical significant differences between the different

polishing systems applied to the materials. Cunha et al. (2003) com-

pared the surface roughness of two ormocer‐based composites with

that of a microhybrid conventional composite after tooth brushing

and found no significant differences between these materials.

4.2 | Surface hardness

Hardness is a surface characteristic that is defined as the ability of a

material to resist permanent indentation or penetration (Yap

et al., 2002). Both the type and amount of filler in composite

materials greatly influence its surface hardness (Schmage et al., 2009).

Mechanical properties, such as polishability and abrasion resistance,

are greatly dependant on material hardness (Schmage et al., 2009). It

has also been shown that surface hardness can act as an indicator of

the degree of polymerization of a material (Asmussen, 1982). The

higher the conversion rate of carbon double bonds, the better the

physical properties and surface hardness of a material (Manhart

et al., 2000).

In the current study storage for 24 h at 37°C allowed for the

continued setting reaction during “dark polymerization” (Pilo &

Cardash, 1992) and a further increase in surface hardness as the

materials aged at body temperature (Marghalani, 2010a). After

polymerization and storage, silicon carbide paper was used to remove

the soft resin‐rich layer of uncured monomers (Marghalani, 2010a).

Removal of this layer allowed for testing of a stable harder surface

and simulated clinical conditions since most restorations are polished

after placement (Marghalani, 2010a).

The results of the current study showed no significant difference

between the surface hardness of the ormocer (Admira Fusion) and

the ormocer‐based composite (Admira). The lack of significant

difference between these two materials suggests that in terms of

surface hardness there may be no difference between using either of

these materials. In a study done by Leprince et al. (2010), all samples

were dried and stored in the dark for 24 h. The results of their study

were in contrast to the current study as they found the ormocer to

have increased surface hardness when compared to the ormocer‐

based composites (Leprince et al., 2010). These findings can partly be

explained by the higher filler content of an ormocer (Leprince

et al., 2010). Cavalcante et al. (2011) also contradicted the findings of

the current study. Their study compared the surface hardness of an

ormocer to that of an ormocer‐based composite, nanohybrid

composite and nanocomposite after 24 h water storage. The study

concluded that the ormocer preserved surface integrity and was the

only material that did not show a reduction in surface hardness

values (Cavalcante et al., 2011). Water may diffuse internally through

defects, pores, and the resin matrix, causing hydrolytic breakdown

within the resin composite (Kalachandra & Wilson, 1992), which may

explain the differences regarding these findings. The absence of

methacrylate monomers in the pure ormocer matrix has been shown

to reduce water uptake and solubility (Cavalcante et al., 2011).

Ormocers present as polymers and tend to absorb water to a

different degree (Mortier et al., 2005). During polymerization a chain

reaction is initiated which enables the double bonds of each element

of the matrix to react with one another to form a chain or a network

respectively (VOCO, 2021). A three‐dimensional network of the

organic portion of the methacrylate groups formed after polymeriza-

tion (Kalra et al., 2012; Zimmerli et al., 2010). The unique matrix

formulation of ormocers is therefore important and can explain the

improved stability of this material compared to ormocer‐based

composites and conventional composite materials (Cavalcante

et al., 2011). The current study did revealed a statistical significant

difference in surface hardness when the nanocomposite (Filtek Z350

XT) was compared with the ormocer (Admira Fusion). The findings of

the current study correlate with the findings of Poggio et al. (2018),

where a nanocomposite (Filtek Supreme XTE; 3M ESPE) showed the

highest microhardness values followed by an ormocer (Admira

Fusion) both before and after immersion in an acidic drink for a

week. Baeshen et al. (2017). also found higher hardness values when

a nanocomposite (Filtek Supreme XT; 3M ESPE) was compared to an
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ormocer (Admira Fusion) before surface finishing and polishing. A

possible reason for this finding could be the materials' filler

composition (Baeshen et al., 2017). Admira has barium glass fillers

that are lower in hardness compared to the zirconia fillers used in

Filtek Supreme nanocomposite restorative materials (Baeshen

et al., 2017). The type of filler, filler load, and the interactions

between the filler and matrix influence the surface hardness to a

greater extent than the organic matrix structure (Manhart et al., 2000).

The findings of the current study however contradict those of a study

done by Hahnel et al. (2010), where the ormocer demostrated

significantly higher Vickers hardness number value than the

nanocomposite Filtek Supreme XT.

4.3 | Microleakage

Marginal adaptation of a material to the cavity walls will determine

the material's durability and longevity in the oral cavity (Sudhapalli

et al., 2018). The main cause of microleakage is shrinkage that occurs

in resin‐basedmaterials during polymerization (Sudhapalli et al., 2018).

The amount of polymerization shrinkage within a resin containing

dental material is dependent on the filler load, the surface treatment

of the fillers, and the molecular weight of the monomer (Sudhapalli

et al., 2018). The more filler particles present in the material, the

lower the amount of weak polymer matrix, the higher the strength

and modulus of elasticity and the lower the polymerization shrinkage

(Sudhapalli et al., 2018). Newer generation dental resin materials such

as ormocers and nanocomposites show less polymerization shrinkage

(Sudhapalli et al., 2018). Due to the nano‐sized particles of

nanocomposites, less polymerization shrinkage and lower microleak-

age were observed, making this class of materials superior to

conventional resin composites (Saunders, 2009). Ormocers also

showed reduced polymerization shrinkage due to the highly cross‐

linked, three‐dimensional polymer network that forms after polym-

erization (Kalra et al., 2012; Zimmerli et al., 2010).

Restorative materials tend to expand and contract more with

temperature changes than enamel and dentine (Gonzalez et al., 1997;

Nelsen et al., 1952). Thermocycling, with temperatures varying

between 5°C and 55°C, was therefore used in the current study to

mimic these thermal changes and stresses of the oral environment

(Synarellis et al., 2017). No standardization has been established for

the technical procedures of in vitro microleakage evaluations (Raskin

et al., 2001). Of all the various microleakage test techniques available,

the most commonmethod used is dye penetration (Raskin et al., 2001;

Sudhapalli et al., 2018). The present study ensured that each material

was used with its proprietary adhesive system as recommended by

the individual manufacturer's.

In the current study, no statistically significant differences were

found in the occlusal microleakage of any of the three material

groups. This would suggest that in terms of microleakage on enamel

surfaces there may be no difference to using any of the tested

materials. Politi et al. (2018) and McHugh et al. (2017) found

significantly lower microleakage scores for the ormocer (Admira

Fusion) when compared to a nanohybrid composite (Tetric EvoCer-

am; Ivoclar Vivadent). Garapati et al. (2014) found no significant

difference in terms of microleakage between the ormocer‐based

composite (Admira) and a nanocomposite (Filtek Supreme). Sudhapalli

et al. (2018), compared microleakage between an ormocer‐based

composite (Admira), nanocomposite (Tetric N‐Ceram; Ivoclar Viva-

dent), and a conventional microfilled composite (Tetric Ceram; Ivoclar

Vivadent) with all margins ending on enamel. Their findings indicated

that the ormocer‐based composite showed the least microleakage

followed by the nanocomposite (Sudhapalli et al., 2018). Kalra et al.

(2012) also found no significant difference in the microleakage of an

ormocer‐based composite (Admira) compared to that of a hybrid

composite (Spectrum TPH; Dentsply Sirona). The differences in the

findings of the above‐mentioned studies may be attributed to the

different materials compared and varying study methodologies.

Comparison of gingival microleakage revealed a marginally signifi-

cant difference between the nanocomposite (Filtek Z350 XT; 3M ESPE)

and the ormocer (Admira Fusion), with the nanocomposite showing

marginally less leakage. No significant differences were found in the

gingival microleakage when comparing the ormocer (Admira Fusion) to

the ormocer‐based composite (Admira). Hooshmand et al. (2013) dem-

onstrated significantly higher gingival microleakage for the ormocer‐

based composite than the nanohybrid. A study done by Civelek et al.

(2003), showed less microleakage at the cemento‐enamel junction for

the ormocer‐based composite (Admira) when compared to a hybrid

composite (Filtek Z‐250; 3M ESPE).

Material properties are not the only factors that need to be taken

into account in the success or failure of a restoration. Other factors

such as the adhesive force between the composite and the dentine,

diameter and direction of the dentine tubules, as well as the quality

and origin of the tooth's hard tissues, should also be taken into

account (Leloup et al., 1998).

5 | LIMITATIONS OF THE STUDY

The findings of in vitro studies are effective for the comparison of

different materials and properties, however may not necessarily

reflect the clinical situation. The present findings should therefore be

interpreted with caution when extrapolated to the clinical environ-

ment. Each material and its bonding system was used strictly

according to the recommendation of the individual manufacturer's

to extract optimal material properties. Different results may have

been found for microleakage if the same bonding system had been

used for all materials. Future clinical studies may be beneficial to

further compare these materials.

6 | CONCLUSION

No significant differences in terms of surface roughness or micro-

leakage were noted for the ormocer when compared to a

commercially available nanocomposite as well as a first generation
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ormocer‐based composite. Nanocomposite demonstrated increased

surface hardness compared to both ormocer materials. Long‐term

clinical studies are necessary to assess the performance of this new

ormocer material.

AUTHOR CONTRIBUTIONS

Dr. Karien Jansen van Rensburg: Have made a substantial

contribution to the conception, design, and acquisition of data as

well as the analysis and interpretation of data. Drafted the

manuscript and gave final approval for the version to be published.

Agree to be accountable for all aspects of the work in ensuring that

questions related to the accuracy or integrity of any part of the

work are appropriately investigated and resolved. Dr. Dorette

Kritzinger: Involved in data acquisition and analysis as well as

interpretation of data. Revised the manuscript critically and gave

final approval of the version to be published. Dr. Samantha Arnold:

Revised the manuscript critically and gave final approval of the

version to be published. Dr. Glynn D. Buchanan: Revised the

manuscript critically and gave final approval of the version to be

published.

ACKNOWLEDGMENTS

This research did not receive any specific grant from funding agencies

in the public, commercial, or not‐for‐profit sectors.

CONFLICT OF INTEREST STATEMENT

The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT

Data is available upon request.

ORCID

Karien Jansen van Rensburg https://orcid.org/0000-0001-

5856-857X

Samantha Arnold http://orcid.org/0000-0002-7518-9560

REFERENCES

Alshali, R. Z., Silikas, N., & Satterthwaite, J. D. (2013). Degree of
conversion of bulk‐fill compared to conventional resin‐composites
at two time intervals. Dental Materials, 29, e213–e217. https://
www.sciencedirect.com/science/article/pii/S0109564113001462?
via%3Dihub

Antonson, S. A., Yazici, A. R., Kilinc, E., Antonson, D. E., & Hardigan, P. C.
(2011). Comparison of different finishing/polishing systems on
surface roughness and gloss of resin composites. Journal of

Dentistry, 39, e9–e17. https://www.sciencedirect.com/science/

article/pii/S0300571211000200?via%3Dihub
Anusavice, K., & Phillips, R. (2003). Phillips' science of dental materials

(pp. 41–43). Saunders.
Asmussen, E. (1982). Factors affecting the quantity of remaining double

bonds in restorative resin polymers. European Journal of Oral

Sciences, 90, 490–496. https://doi.org/10.1111/j.1600-0722.1982.
tb00767.x

Baeshen, H., Alturki, B. N., Albishi, W. W., Alsadi, F. M., & El‐Tubaigy, K.
M. (2017). Mechanical and physical properties of two different resin‐
based materials: A comparative study. The Journal of Contemporary

Dental Practice, 18, 905–910. https://www.thejcdp.com/doi/pdf/
10.5005/jp-journals-10024-2147

Baseren, M. (2004). Surface roughness of nanofill and nanohybrid
composite resin and ormocer‐based tooth‐colored restorative

materials after several finishing and polishing procedures. Journal
of Biomaterials Applications, 19, 121–134. https://www.thejcdp.
com/doi/pdf/10.5005/jcdp-8-1-27

Beltrami, R., Ceci, M., De Pani, G., Vialba, L., Federico, R., Poggio, C., &
Colombo, M. (2018). Effect of different surface finishing/polishing

procedures on color stability of esthetic restorative materials: A
spectrophotometric evaluation. European Journal of Dentistry, 12,
049–056. https://www.thieme-connect.com/products/ejournals/
html/10.4103/ejd.ejd_185_17

Bottenberg, P., Alaerts, M., & Keulemans, F. (2007). A prospective

randomised clinical trial of one bis‐GMA‐based and two ormocer‐
based composite restorative systems in class II cavities: Three‐year
results. Journal of Dentistry, 35, 163–171. https://www.ncbi.nlm.nih.
gov/pubmed/16963171

Bowen, R. (1962). Dental filling material comprising vinyl silane treated

fused silica and a binder consisting of the reaction product of bis‐
phenol and glycydyl acrylate. United States Patent No 3066112.
https://cir.nii.ac.jp/crid/1572824499833472256

Browning, W. D., & Dennison, J. B. (1996). A survey of failure modes in

composite resin restorations. Operative Dentistry, 21, 160–166.
http://meridian.allenpress.com/operative-dentistry/article-pdf/21/
4/1/1819110/1559-2863-21-4-1

Buchgraber, B., Kqiku, L., Allmer, N., Jakopic, G., & Städtler, P. (2011).
Surface roughness of one nanofill and one silorane composite after

polishing. Collegium Antropologicum, 35, 879–883. https://www.
ncbi.nlm.nih.gov/pubmed/22053571

Caughman, W. F., Rueggeberg, F. A., & Curtis Jr. J. W. (1995). Clinical
guidelines for photocuring: Restorative resins. Journal of the

American Dental Association (1939), 126, 1280–1282. https://doi.
org/10.14219/jada.archive.1995.0364

Cavalcante, L. M., Schneider, L. F. J., Silikas, N., & Watts, D. C. (2011).
Surface integrity of solvent‐challenged ormocer‐matrix composite.
Dental Materials, 27, 173–179. https://doi.org/10.1016/j.dental.
2010.10.002

Ciccone‐Nogueira, J. C., Borsatto, M. C., Souza‐Zaron, W. C.,
Ramos, R. P., & Palma‐Dibb, R. G. (2007). Microhardness of
composite resins at different depths varying the post‐irradiation
time. Journal of Applied Oral Science, 15, 305–309. https://www.

ncbi.nlm.nih.gov/pmc/articles/PMC4327434/pdf/1678-7757-
jaos-15-04-0305.pdf

Civelek, A., Ersoy, M., L'hotelier, E., Soyman, M., & Say, E. C. (2003).
Polymerization shrinkage and microleakage in Class II cavities of
various resin composites. Operative Dentistry, 28, 635–641. http://
meridian.allenpress.com/operative-dentistry/article-pdf28/5/1/
1819327/1559-2863-28-5-1

Cunha, L. G., Alonso, R. C. B., Santos, P. H., & Sinhoreti, M. A. C. (2003).
Comparative study of the surface roughness of Ormocer‐based and
conventional composites. Journal of Applied Oral Science, 11,

348–353. https://www.ncbi.nlm.nih.gov/pubmed/21394413
El‐Housseiny, A., & Farsi, N. (2002). Sealing ability of a single bond

adhesive in primary teeth. An in vivo study, International Journal of
Paediatric Dentistry12, 265–270. https://onlinelibrary.wiley.com/
doi/fu l l /10.1046/j .1365-263X.2002.00370.x?s id=nlm%

3Apubmed
Erdilek, D., Dörter, C., Koray, F., Kunzelmann, K. H., Efes, B. G., &

Gomec, Y. (2009). Effect of thermo‐mechanical load cycling on
microleakage in class II Ormocer restorations. European Journal of

Dentistry, 03, 200–206. https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC2741191/pdf/0030200.pdf

Ferracane, J. L. (2011). Resin composite ‐ state of teh art. Dental Materials,
27, 29–38. https://doi.org/10.1016/j.dental.2010.10.020

JANSEN VAN RENSBURG ET AL. | 829

https://orcid.org/0000-0001-5856-857X
https://orcid.org/0000-0001-5856-857X
http://orcid.org/0000-0002-7518-9560
https://www.sciencedirect.com/science/article/pii/S0109564113001462?via=ihub
https://www.sciencedirect.com/science/article/pii/S0109564113001462?via=ihub
https://www.sciencedirect.com/science/article/pii/S0109564113001462?via=ihub
https://www.sciencedirect.com/science/article/pii/S0300571211000200?via=ihub
https://www.sciencedirect.com/science/article/pii/S0300571211000200?via=ihub
https://doi.org/10.1111/j.1600-0722.1982.tb00767.x
https://doi.org/10.1111/j.1600-0722.1982.tb00767.x
https://www.thejcdp.com/doi/pdf/10.5005/jp-journals-10024-2147
https://www.thejcdp.com/doi/pdf/10.5005/jp-journals-10024-2147
https://www.thejcdp.com/doi/pdf/10.5005/jcdp-8-1-27
https://www.thejcdp.com/doi/pdf/10.5005/jcdp-8-1-27
https://www.thieme-connect.com/products/ejournals/html/10.4103/ejd.ejd_185_17
https://www.thieme-connect.com/products/ejournals/html/10.4103/ejd.ejd_185_17
https://www.ncbi.nlm.nih.gov/pubmed/16963171
https://www.ncbi.nlm.nih.gov/pubmed/16963171
https://cir.nii.ac.jp/crid/1572824499833472256
http://meridian.allenpress.com/operative-dentistry/article-pdf/21/4/1/1819110/1559-2863-21-4-1
http://meridian.allenpress.com/operative-dentistry/article-pdf/21/4/1/1819110/1559-2863-21-4-1
https://www.ncbi.nlm.nih.gov/pubmed/22053571
https://www.ncbi.nlm.nih.gov/pubmed/22053571
https://doi.org/10.14219/jada.archive.1995.0364
https://doi.org/10.14219/jada.archive.1995.0364
https://doi.org/10.1016/j.dental.2010.10.002
https://doi.org/10.1016/j.dental.2010.10.002
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4327434/pdf/1678-7757-jaos-15-04-0305.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4327434/pdf/1678-7757-jaos-15-04-0305.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4327434/pdf/1678-7757-jaos-15-04-0305.pdf
http://meridian.allenpress.com/operative-dentistry/article-pdf28/5/1/1819327/1559-2863-28-5-1
http://meridian.allenpress.com/operative-dentistry/article-pdf28/5/1/1819327/1559-2863-28-5-1
http://meridian.allenpress.com/operative-dentistry/article-pdf28/5/1/1819327/1559-2863-28-5-1
https://www.ncbi.nlm.nih.gov/pubmed/21394413
https://onlinelibrary.wiley.com/doi/full/10.1046/j.1365-263X.2002.00370.x?sid=nlm%3Apubmed
https://onlinelibrary.wiley.com/doi/full/10.1046/j.1365-263X.2002.00370.x?sid=nlm%3Apubmed
https://onlinelibrary.wiley.com/doi/full/10.1046/j.1365-263X.2002.00370.x?sid=nlm%3Apubmed
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2741191/pdf/0030200.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2741191/pdf/0030200.pdf
https://doi.org/10.1016/j.dental.2010.10.020


Ferracane, J. L., Berge, H. X., & Condon, J. R. (1998). In vitro aging of
dental composites in water—Effect of degree of conversion, filler
volume, and filler/matrix coupling. Journal of Biomedical Materials

Research, 42, 465–472. https://doi.org/10.1002/(SICI)1097-

4636(19981205)42:3
Garapati, S., Das, M., Mujeeb, A., Dey, S., & Kiswe, S. P. (2014). Cuspal

movement and microleakage in premolar teeth restored with
posterior restorative materials. Journal of International Oral Health:
JIOH, 6, 47–50. https://www.ncbi.nlm.nih.gov/pmc/articles/

PMC4229829/pdf/JIOH-6-47.pdf
Goncalves, L., Filho, J. D., Guimarães, J. G., Poskus, L. T., & Silva, E. M.

(2008). Solubility, salivary sorption and degree of conversion of
dimethacrylate‐based polymeric matrixes. Journal of Biomedical

Materials Research‐Part B Applied Biomaterials, 85, 320–325.
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1002/jbm.b.
30949?download=true

Gonzalez M. A. G., Kasim N. H. A., & Aziz R. A. (1997). Microleakage
testing. Annals of Dentistry, 4, 31–37. https://doi.org/10.22452/
adum.vol4no1.9

Hahnel, S., Henrich, A., Bürgers, R., Handel, G., & Rosentritt, M. (2010).
Investigation of mechanical properties of modern dental composites
after artificial aging for one year. Operative Dentistry, 35, 412–419.
https://doi.org/10.2341/09-337-L

Haller, B., Hofmann, N., Klaiber, B., & Bloching, U. (1993). Effect of
storage media on microleakage of five dentin bonding agents. Dental
Materials, 9, 191–197. https://www.sciencedirect.com/science/
article/pii/010956419390119B?via%3Dihub

Hooshmand, T., Tabari, N., & Keshvad, A. (2013). Marginal leakage

and microhardness evaluation of low‐shrinkage resin‐based
restorative materials. General Dentistry, 61, 46–50. Quiz 51.
https://www.ncbi.nlm.nih.gov/pubmed/23302363

Jacker‐Guhr, S., Ibarra, G., Oppermann, L. S., Lührs, A.‐K., Rahman, A., &
Geurtsen, W. (2016). Evaluation of microleakage in class V

composite restorations using dye penetration and micro‐CT.
Clinical Oral Investigations, 20, 1709–1718. https://link.springer.
com/content/pdf/10.1007/s00784-015-1676-0.pdf

Kalachandra, S., & Wilson, T. W. (1992). Water sorption and mechanical
properties of light‐cured proprietary composite tooth restorative

materials. Biomaterials, 13, 105–109. https://www.sciencedirect.
com/science/article/pii/0142961292900048?via%3Dihub

Kalra, S., Singh, A., Gupta, M., & Chadha, V. (2012). Ormocer: An aesthetic
direct restorative material; An in vitro study comparing the marginal

sealing ability of organically modified ceramics and a hybrid
composite using an ormocer‐based bonding agent and a conven-
tional fifth‐generation bonding agent. Contemporary Clinical

Dentistry, 3, 48–53. https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC3341759/

Korkmaz, Y., Ozel, E., Attar, N., & Aksoy, G. (2008). The influence of one‐
step polishing systems on the surface roughness and microhardness
of nanocomposites. Operative Dentistry, 33, 44–50. https://www.
ncbi.nlm.nih.gov/pubmed/18335732

Kritzinger, D., Brandt, P., & De Wet, F. (2017). The effect of different

polishing systems on the surface roughness of a nanocomposite and
a microhybrid composite. South African Dental Journal, 72, 249–257.
https://doi.org/10.17159/2519-0105/2017/v72no6a1

Kubo, S., Yokota, H., Sata, Y., & Hayashi, Y. (2001). The effect of
flexural load cycling on the microleakage of cervical resin

composites. Operative Dentistry, 26, 451–459. http://meridian.
a l lenpress .com/operat ive-dent istry/art ic le-pdf/26/5/1/
1819016/1559-2863-26-5-1

Leloup, G., D'Hoore, W., Bouter, D., Degrange, M., & Vreven, J. (1998).

Meta‐analytic review of factors involved in dentin adherence.
Journal of Dental Research, 77, 944. http://hdl.handle.net/2078.1/
62610

Leprince, J., Palin, W. M., Mullier, T., Devaux, J., Vreven, J., & Leloup, G.
(2010). Investigating filler morphology and mechanical properties of
new low‐shrinkage resin composite types. Journal of Oral

Rehabilitation, 37, 364–376. https://onlinelibrary.wiley.com/doi/

pdfdirect/10.1111/j.1365-2842.2010.02066.x?download=true
Mahmoud, S. H., & Al‐Wakeel Eel, S. (2011). Marginal adaptation of

ormocer‐, silorane‐, and methacrylate‐based composite restorative

systems bonded to dentin cavities after water storage. Quintessence
International, 42, 131–139. https://www.ncbi.nlm.nih.gov/pubmed/

22026005
Mair, L. H., Stolarski, T. A., Vowles, R. W., & Lloyd, C. H. (1996). Wear:

Mechanisms, manifestations and measurement. Report of a work-
shop. Journal of Dentistry, 24, 141–148. https://www.sciencedirect.
com/science/article/pii/0300571295000437?via%3Dihub

Manhart, J., Kunzelmann, K. H., Chen, H. Y., & Hickel, R. (2000).
Mechanical properties and wear behavior of light‐cured packable
composite resins. Dental Materials: Official Publication of the Academy

of Dental Materials, 16, 33–40. https://doi.org/10.1016/S0109-
5641(99)00082-2

Marghalani, H. Y. (2010a). Post‐irradiation Vickers microhardness devel-
opment of novel resin composites. Materials Research, 13, 81–87.
https://doi.org/10.1590/S1516-14392010000100017

Marghalani, H. Y. (2010b). Effect of finishing/polishing systems on the

surface roughness of novel posterior composites, Journal of Esthetic
and Restorative Dentistry22, 127–138. https://onlinelibrary.wiley.
com/doi/pdfdirect/10.1111/j .1708-8240.2010.00324.x?
download=true

McHugh, L. E. J., Politi, I., Al‐Fodeh, R. S., & Fleming, G. J. P. (2017).

Implications of resin‐based composite (RBC) restoration on cuspal
deflection and microleakage score in molar teeth: Placement
protocol and restorative material. Dental Materials, 33, e329–e335.
https://doi.org/10.1016/j.dental.2017.06.001

Monsarrat, P., Garnier, S., Vergnes, J. N., Nasr, K., Grosgogeat, B., &

Joniot, S. (2017). Survival of directly placed ormocer‐based restor-
ative materials: A systematic review and meta‐analysis of clinical
trials. Dental Materials, 33, e212–e220. https://www.ncbi.nlm.nih.
gov/pubmed/28238400

Mortier, E., Gerdolle, D. A., Dahoun, A., & Panighi, M. M. (2005). Influence

of initial water content on the subsequent water sorption and
solubility behavior in restorative polymers. American Journal of

Dentistry, 18, 177–181. https://www.ncbi.nlm.nih.gov/pubmed/
16158809

Moszner, N., Gianasmidis, A., Klapdohr, S., Fischer, U. K., &
Rheinberger, V. (2008). Sol–gel materials. Dental Materials, 24,
851–856. https://doi.org/10.1016/j.dental.2007.10.004

Nelsen, R. J., Paffenbarger, G. C., & Wolcott, R. B. (1952). Fluid exchange
at the margins of dental restorations. The Journal of the American

Dental Association, 44, 288–295. https://doi.org/10.1016/S0002-
8177(52)43006-8

Pilo, R., & Cardash, H. S. (1992). Post‐irradiation polymerization of
different anterior and posterior visible light‐activated resin compo-
sites. Dental Materials, 8, 299–304. https://www.sciencedirect.com/

science/article/pii/010956419290104K?via%3Dihub
Poggio, C., Viola, M., Mirando, M., Chiesa, M., Beltrami, R., & Colombo, M.

(2018). Microhardness of different esthetic restorative materials:
Evaluation and comparison after exposure to acidic drink. Dental
Research Journal, 15, 166–172. https://www.ncbi.nlm.nih.gov/pmc/

articles/PMC5958532/pdf/DRJ-15-166.pdf
Politi, I., McHugh, L. E. J., Al‐Fodeh, R. S., & Fleming, G. J. P. (2018).

Modification of the restoration protocol for resin‐based composite
(RBC) restoratives (conventional and bulk fill) on cuspal movement

and microleakage score in molar teeth. Dental Materials, 34,
1271–1277. https://www.sciencedirect.com/science/article/pii/
S0109564118301490?via%3Dihub

830 | JANSEN VAN RENSBURG ET AL.

https://doi.org/10.1002/(SICI)1097-4636(19981205)42:3
https://doi.org/10.1002/(SICI)1097-4636(19981205)42:3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4229829/pdf/JIOH-6-47.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4229829/pdf/JIOH-6-47.pdf
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1002/jbm.b.30949?download=true
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1002/jbm.b.30949?download=true
https://doi.org/10.22452/adum.vol4no1.9
https://doi.org/10.22452/adum.vol4no1.9
https://doi.org/10.2341/09-337-L
https://www.sciencedirect.com/science/article/pii/010956419390119B?via=ihub
https://www.sciencedirect.com/science/article/pii/010956419390119B?via=ihub
https://www.ncbi.nlm.nih.gov/pubmed/23302363
https://link.springer.com/content/pdf/10.1007/s00784-015-1676-0.pdf
https://link.springer.com/content/pdf/10.1007/s00784-015-1676-0.pdf
https://www.sciencedirect.com/science/article/pii/0142961292900048?via=ihub
https://www.sciencedirect.com/science/article/pii/0142961292900048?via=ihub
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3341759/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3341759/
https://www.ncbi.nlm.nih.gov/pubmed/18335732
https://www.ncbi.nlm.nih.gov/pubmed/18335732
https://doi.org/10.17159/2519-0105/2017/v72no6a1
http://meridian.allenpress.com/operative-dentistry/article-pdf/26/5/1/1819016/1559-2863-26-5-1
http://meridian.allenpress.com/operative-dentistry/article-pdf/26/5/1/1819016/1559-2863-26-5-1
http://meridian.allenpress.com/operative-dentistry/article-pdf/26/5/1/1819016/1559-2863-26-5-1
http://hdl.handle.net/2078.1/62610
http://hdl.handle.net/2078.1/62610
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1111/j.1365-2842.2010.02066.x?download=true
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1111/j.1365-2842.2010.02066.x?download=true
https://www.ncbi.nlm.nih.gov/pubmed/22026005
https://www.ncbi.nlm.nih.gov/pubmed/22026005
https://www.sciencedirect.com/science/article/pii/0300571295000437?via=ihub
https://www.sciencedirect.com/science/article/pii/0300571295000437?via=ihub
https://doi.org/10.1016/S0109-5641(99)00082-2
https://doi.org/10.1016/S0109-5641(99)00082-2
https://doi.org/10.1590/S1516-14392010000100017
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1111/j.1708-8240.2010.00324.x?download=true
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1111/j.1708-8240.2010.00324.x?download=true
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1111/j.1708-8240.2010.00324.x?download=true
https://doi.org/10.1016/j.dental.2017.06.001
https://www.ncbi.nlm.nih.gov/pubmed/28238400
https://www.ncbi.nlm.nih.gov/pubmed/28238400
https://www.ncbi.nlm.nih.gov/pubmed/16158809
https://www.ncbi.nlm.nih.gov/pubmed/16158809
https://doi.org/10.1016/j.dental.2007.10.004
https://doi.org/10.1016/S0002-8177(52)43006-8
https://doi.org/10.1016/S0002-8177(52)43006-8
https://www.sciencedirect.com/science/article/pii/010956419290104K?via=ihub
https://www.sciencedirect.com/science/article/pii/010956419290104K?via=ihub
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5958532/pdf/DRJ-15-166.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5958532/pdf/DRJ-15-166.pdf
https://www.sciencedirect.com/science/article/pii/S0109564118301490?via=ihub
https://www.sciencedirect.com/science/article/pii/S0109564118301490?via=ihub


Raskin, A., D'hoore, W., Gonthier, S., Degrange, M., & Déjou, J. (2001).
Reliability of in vitro microleakage tests: A literature review. The
Journal of Adhesive Dentistry, 3, 295–308. https://www.
researchgate.net/profile/Raskin-Raskin-3/publication/11470456_

Reliability_of_in_vitro_microleakage_tests_A_literature_review/
links/575a956a08aed884620d7130/Reliability-of-in-vitro-
microleakage-tests-A-literature-review.pdf

Rosin, M., Schwahn, C., Kordass, B., Konschake, C., Greese, U.,
Teichmann, D., Hartmann, A., & Meyer, G. (2007). A multipractice

clinical evaluation of an ORMOCER restorative‐2‐year results.
Quintessence International, 38, 306–315. https://www.ncbi.nlm.nih.
gov/pubmed/17625618

Rueggeberg, F. A., Caughman, W. F., Curtis, J. W., & Davis, H. C. (1993).
Factors affecting cure at depths within light‐activated resin

composites. American Journal of Dentistry, 6, 91–95. https://
europepmc.org/article/med/8397991

Saunders, S. A. (2009). Current practicality of nanotechnology in dentistry.
Part 1: Focus on nanocomposite restoratives and biomimetics.
Clinical, Cosmetic and Investigational Dentistry, 1, 47–61. https://

www.ncbi.nlm.nih.gov/pmc/articles/PMC3652345/pdf/ccide-1-
047.pdf

Say, E. C., Civelek, A., Nobecourt, A., Ersoy, M., & Guleryuz, C. (2003). Wear
and microhardness of different resin composite materials. Operative

Dentistry, 28, 628–634. http://meridian.allenpress.com/operative-
dentistry/article-pdf/28/5/1/18193271/1559-2863-28-5-1

Scheibe, K. G. B. A., Almeida, K. G. B., Medeiros, I. S., Costa, J. F., &
Alves, C. M. C. (2009). Effect of different polishing systems on the
surface roughness of microhybrid composites. Journal of Applied Oral

Science, 17, 21–26. https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC4327609/pdf/1678-7757-jaos-17-01-0021.pdf

Schmage, P., Nergiz, I., Sito, F., Platzer, U., & Rosentritt, M. (2009). Wear
and hardness of different core build‐up materials. Journal of

Biomedical Materials Research‐Part B Applied Biomaterials, 91,

71–79. https://onlinelibrary.wiley.com/doi/pdfdirect/10.1002/jbm.
b.31375?download=true

Schneider, L. F. J., Cavalcante, L. M., Silikas, N., & Watts, D. C. (2011).
Degradation resistance of silorane, experimental ormocer and
dimethacrylate resin‐based dental composites. Journal of Oral

Science, 53, 413–419. https://www.jstage.jst.go.jp/article/josnusd/
53/4/53_4_413/_pdf

Senawongse, P., & Pongprueksa, P. (2007). Surface roughness of
nanofill and nanohybrid resin composites after polishing and

brushing, Journal of Esthetic and Restorative Dentistry19.
265–273.; Discussion 274−265. https://onlinelibrary.wiley.com/
doi/pdfdirect/10.1111/j.1708-8240.2007.00116.x?download=true

Shafqat, S. S., Hamdan, S., Rigit, A. R. H., Tien, N. K. H., Saleh, S. F., &
Khan, A. A. (2014). Synthesis and characterization of heterocyclic‐
ORMOCERS composites through Sol‐gel process: A review. 5th

International Conference on Science & Technology: Applications in

Industry & Education (ICSTIE). p. 1−8. https://www.academia.edu/
10560294/Synthesis_and_characterization_of_heterocyclic_
substituted_fluoran_compounds?from=cover_page

Sivakumar, A., & Valiathan, A. (2006). Dental ceramics and ormocer
technology–navigating the future. Trends in Biomaterials and Artificial

Organs, 20, 40–43.
Stadermann, D., & Klemm, E. (1998). Auch das Ormocer‐Füllungsmaterial

enthält geringe Anteile Bismethacrylat. DZW Woche, 39, 9.

Sudhapalli, S., Sudhapalli, S., Razdan, R., Singh, V., & Bhasin, A. (2018). A
comparative evaluation of microleakage among newer composite
materials: An in vitro study. Contemporary Clinical Dentistry, 9, 587.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6868631/pdf/

CCD-9-587.pdf
Synarellis, A., Kouros, P., Koulaouzidou, E., Strakas, D., & Koliniotou‐

Koumpia, E. (2017). In vitro microleakage of class V composite
restorations prepared by Er, Cr: YSGG laser and carbide bur. Balk
Journal of Dental Medicine, 21, 24–31. https://scindeks.ceon.rs/

article.aspx?artid=2335-02451701024S
Taher, N. M. (2005). The effect of bleaching agents on the surface

hardness of tooth colored restorative materials. The Journal of

Contemporary Dental Practice, 6, 18–26. https://www.ncbi.nlm.nih.
gov/pubmed/15915201

Türkün, L. S., & Türkün, M. (2004). The effect of one‐step polishing system
on the surface roughness of three esthetic resin composite
materials. Operative Dentistry, 29, 203–211. https://www.ncbi.nlm.
nih.gov/pubmed/15088733

VOCO. (2016). Admira fusion scientific compendium. Retrieved January

29, 2021, from: https://www.voco.dental/us/portaldata/1/
resources/products/scientific-reports/us/Admira_Fusion_Scientific_
Compendium.pdf

VOCO. (2021). Universal nano‐hybrid ORMOCER restorative material.

Retrieved January 29, 2021, from: https://www.voco.dental/en/
products/direct-restoration/ormocer/admira-fusion.aspx

Wolter, H., Glaubitt, W., & Rose, K. (1992). Multifunctional (meth) acrylate
alkoxysilanes a new type of reactive compounds. MRS Online

Proceedings Library, 271, 719–724. https://link.springer.com/

article/10.1557/PROC-271-719
Wolter, H., Storch, W., & Ott, H. (1994). New inorganic/organic

copolymers (Ormocer® s) for dental applications. MRS Online

Proceedings Library Archive, 346, 143–149. https://doi.org/10.
1557/PROC-346-143

Yap, A., Cheang, P., & Chay, P. (2002). Mechanical properties
of two restorative reinforced glass–ionomer cements, Journal of Oral
Rehabilitation29, 682–688. https://onlinelibrary.wiley.com/doi/
pdfdirect/10.1046/j.1365-2842.2002.00908.x?download=true

Zimmerli, B., Strub, M., Jeger, F., Stadler, O., & Lussi, A. (2010). Composite

materials: Composition, properties and clinical applications. A
literature review. Schweizer Monatsschrift fur Zahnmedizin = Revue

mensuelle suisse d'odonto‐stomatologie = Rivista mensile svizzera di

odontologia e stomatologia, 120, 972–986. https://www.ncbi.nlm.

nih.gov/pubmed/21243545

How to cite this article: Jansen van Rensburg, K., Kritzinger,

D., Arnold, S., & Buchanan, G. D. (2023). In vitro

comparison of the physical and mechanical properties of

an ormocer with an ormocer‐based composite and a

nanocomposite restorative material. Clinical and

Experimental Dental Research, 9, 820–831.

https://doi.org/10.1002/cre2.756

JANSEN VAN RENSBURG ET AL. | 831

https://www.researchgate.net/profile/Raskin-Raskin-3/publication/11470456_Reliability_of_in_vitro_microleakage_tests_A_literature_review/links/575a956a08aed884620d7130/Reliability-of-in-vitro-microleakage-tests-A-literature-review.pdf
https://www.researchgate.net/profile/Raskin-Raskin-3/publication/11470456_Reliability_of_in_vitro_microleakage_tests_A_literature_review/links/575a956a08aed884620d7130/Reliability-of-in-vitro-microleakage-tests-A-literature-review.pdf
https://www.researchgate.net/profile/Raskin-Raskin-3/publication/11470456_Reliability_of_in_vitro_microleakage_tests_A_literature_review/links/575a956a08aed884620d7130/Reliability-of-in-vitro-microleakage-tests-A-literature-review.pdf
https://www.researchgate.net/profile/Raskin-Raskin-3/publication/11470456_Reliability_of_in_vitro_microleakage_tests_A_literature_review/links/575a956a08aed884620d7130/Reliability-of-in-vitro-microleakage-tests-A-literature-review.pdf
https://www.researchgate.net/profile/Raskin-Raskin-3/publication/11470456_Reliability_of_in_vitro_microleakage_tests_A_literature_review/links/575a956a08aed884620d7130/Reliability-of-in-vitro-microleakage-tests-A-literature-review.pdf
https://www.ncbi.nlm.nih.gov/pubmed/17625618
https://www.ncbi.nlm.nih.gov/pubmed/17625618
https://europepmc.org/article/med/8397991
https://europepmc.org/article/med/8397991
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3652345/pdf/ccide-1-047.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3652345/pdf/ccide-1-047.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3652345/pdf/ccide-1-047.pdf
http://meridian.allenpress.com/operative-dentistry/article-pdf/28/5/1/18193271/1559-2863-28-5-1
http://meridian.allenpress.com/operative-dentistry/article-pdf/28/5/1/18193271/1559-2863-28-5-1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4327609/pdf/1678-7757-jaos-17-01-0021.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4327609/pdf/1678-7757-jaos-17-01-0021.pdf
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1002/jbm.b.31375?download=true
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1002/jbm.b.31375?download=true
https://www.jstage.jst.go.jp/article/josnusd/53/4/53_4_413/_pdf
https://www.jstage.jst.go.jp/article/josnusd/53/4/53_4_413/_pdf
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1111/j.1708-8240.2007.00116.x?download=true
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1111/j.1708-8240.2007.00116.x?download=true
https://www.academia.edu/10560294/Synthesis_and_characterization_of_heterocyclic_substituted_fluoran_compounds?from=cover_page
https://www.academia.edu/10560294/Synthesis_and_characterization_of_heterocyclic_substituted_fluoran_compounds?from=cover_page
https://www.academia.edu/10560294/Synthesis_and_characterization_of_heterocyclic_substituted_fluoran_compounds?from=cover_page
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6868631/pdf/CCD-9-587.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6868631/pdf/CCD-9-587.pdf
https://scindeks.ceon.rs/article.aspx?artid=2335-02451701024S
https://scindeks.ceon.rs/article.aspx?artid=2335-02451701024S
https://www.ncbi.nlm.nih.gov/pubmed/15915201
https://www.ncbi.nlm.nih.gov/pubmed/15915201
https://www.ncbi.nlm.nih.gov/pubmed/15088733
https://www.ncbi.nlm.nih.gov/pubmed/15088733
https://www.voco.dental/us/portaldata/1/resources/products/scientific-reports/us/Admira_Fusion_Scientific_Compendium.pdf
https://www.voco.dental/us/portaldata/1/resources/products/scientific-reports/us/Admira_Fusion_Scientific_Compendium.pdf
https://www.voco.dental/us/portaldata/1/resources/products/scientific-reports/us/Admira_Fusion_Scientific_Compendium.pdf
https://www.voco.dental/en/products/direct-restoration/ormocer/admira-fusion.aspx
https://www.voco.dental/en/products/direct-restoration/ormocer/admira-fusion.aspx
https://link.springer.com/article/10.1557/PROC-271-719
https://link.springer.com/article/10.1557/PROC-271-719
https://doi.org/10.1557/PROC-346-143
https://doi.org/10.1557/PROC-346-143
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1046/j.1365-2842.2002.00908.x?download=true
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1046/j.1365-2842.2002.00908.x?download=true
https://www.ncbi.nlm.nih.gov/pubmed/21243545
https://www.ncbi.nlm.nih.gov/pubmed/21243545
https://doi.org/10.1002/cre2.756

	In vitro comparison of the physical and mechanical properties of an ormocer with an ormocer-based composite and a nanocomposite restorative material
	1 INTRODUCTION
	2 MATERIALS AND METHODS
	2.1 Sample fabrication
	2.1.1 Surface roughness and surface hardness
	2.1.2 Microleakage

	2.2 Surface roughness
	2.3 Surface hardness
	2.4 Microleakage
	2.4.1 Stereomicroscope images


	3 RESULTS
	3.1 Surface roughness
	3.2 Surface hardness
	3.3 Microleakage

	4 DISCUSSION
	4.1 Surface roughness
	4.2 Surface hardness
	4.3 Microleakage

	5 LIMITATIONS OF THE STUDY
	6 CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ORCID
	REFERENCES




