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Abstract. This investigation aims at determining the microhardness value of the hybrid direct/indirect composite resins

submitted to conventional light curing and post-cured using two different methods, a light source from a laboratory

light curing unit and a conventional oven heating, and the obtained results were compare to an indirect composite

resin. A hybrid direct/indirect composite resin (Filtek P60
TM

 – 3M-ESPE, St. Paul, USA), and an indirect composite

resin (Artglass
TM 

– Heraeus Kulzer, Germany) were used. The Filtek P60
TM

 was polymerized using: a conventional light

curing for 80 seconds; the complementary polymerization methods were applied using a laboratory light curing for 360

seconds, and an oven curing at 125°C for 600 seconds. The Artglass
TM

 composite was polymerized using a laboratory

light curing unit for 360 seconds. The post-curing method produced higher values of Vickers Hardness Number (HV)

for both light and heat post-curing treatments, shown that increase in hardness is independent of the post-curing

methods (laboratory light curing unit or heat curing using a conventional oven heat). Microhardness was determined

by the Vickers indentation technique with a load of 50 gram-force for 15 seconds. The Filtek P60
TM

 resin showed higher

hardness values than Artglass
TM

 resin. The employment of post-curing using heat methods on Filtek P60
TM

 resulted in

similar mechanical properties (microhardness) that were comparable to laboratory light curing unit, and the

laboratory light curing unit is much more expensive than oven heat.
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1.  Introduction

Photo-activated composite materials were developed more than 15 years ago and have been widely used due to their

improved physical and handling properties. However, when composites are used directly in posterior teeth several

problems that deserve attention have been pointed out. One of the problems associations with the photo-activation

system is lack of uniformity in the resin matrix conversion. Insufficient curing performance induces excessive wear or

lost of anatomic form, staining, and discoloration of veneered restorations.

The adequate polymerization of composites is an important factor to ensure good clinical performance. The degree

to which these materials are cured is proportional to the amount of light they are exposed to. A number of additional

curing (post-curing) procedures have been proposed for overcoming insufficient material monomer conversion, as post-

radiation with light curing, secondary heating, microwave, and pressure application during polymerization process

(Tanoue, 1999 and 2000, Soares, 2005, Rueggeberg, 1988).

Indirect inlay/onlay techniques, using post-curing, have been introduced to enhance the mechanical and physical

properties and improve the quality of restorations in posterior teeth (Asmussen, 1990 and 1991, Peutzfeldt, 1990). The

most important aspect of indirect composite systems is the possibility of using high intensity light with laboratory light

sources and other post-curing method (Tanoue, 1998 and 1999; Matsumura, 1999, Rueggeberg, 1997). The

complementary curing increases the monomer conversion degree of the compose resin, resulting in a bigger breaking of

the double carbon linking, providing an increase in the mechanical properties of the material (Rueggeberg, 1988).

The composition of resin-based inlay/onlay materials is principally the same as those composite resin-based direct

filling materials. The use of external curing using light and heat results in a significantly higher degree of conversion (in

the range 65% - 71%) than curing a direct technique (in the range 39% - 44%) (Kildal, 1997). These hypotheses suggest

the use of direct filling composites in the manufacturing of indirect restorations.



Several mechanisms have been proposed to explain the further polymerization of post-cured treatment composites.

The increase of the conversion degree may be an important factor that enhances the mechanical properties of

composites (Park & Lee, 1996). Post-curing treatment results in increased segmental chain vibrational amplitude,

allowing near radicals and methacrylate groups to collide, thus increasing monomer conversion (Rueggeberg, 1997).

The use of the post-curing treatment, immediately after initial polymerization light is necessary to obtain this

improvement (Baharav, 1997). Both the application of a laboratory light source or secondary heating after irradiation

are known to be effective in improving certain properties of composites (Wendt Jr., 1987, Matsumura, 1999; Tanoue,

1999, Oertli, 2002).

Oertli et al (2002) showed that the ideal temperature of complementary activation for a composite resin is above of

100°C. Wendt Jr. (1987) showed that the excellent temperature of complementary activation of a composite resin so

that it has an improvement of its physical properties is around 125°C. This temperature coinciding with the glass

transition temperature of the majority of compose resins that can be an indicative of increase of the chain vibration

amplitude of the resinous matrix. Wendt Jr. (1987) showed still that the wear rate reduce when the degree of conversion

and the associated hardness was increased.

Microhardness tests are considered an efficient method to investigate the physical strength of a material, therefore,

may be one appropriate indicative method to guide indirect composite application. The hardness of a material is a

relative measure of its resistance of the material surface to indentation when a specific constant load is applied. Thus,

the hardness may be described as a measure of the ability of a material to resist indentation or scratching (Miranda,

2003). The microhardness indentation, according to Xu at al. (2000), offers information that may be relevant to

applications that involve localized, non-uniform deformation or point-contacts, such as occlusal contacts occurring on

surface asperities or third bodies during chewing and wear. The Vickers microhardness is important property of

restorative materials used in posterior teeth, and an indicative of the strength against compressive loading and the wear

(Brosh, 1997).

The purpose of this study was to analyze the Vickers microhardness number of the direct/indirect hybrid composite

resin (Filtek P-60
TM

), submitted to conventional light curing and post-curing using two different additional

polymerization methods, light and heat, using a laboratorial light curing unit and a conventional oven heat. The

mechanical behavior (Vickers microhardness) of this resin was compare to an indirect composite resin (Artglass
TM

).

2.  Methods and Materials

Two commercially composites were used in this work, a direct/indirect hybrid composite resin (Filtek P60
TM

 – 3M-

ESPE, St. Paul, USA), and an indirect composite resin (Artglass
TM

 – Heraeus Kulzer, Germany). Vickers microhardness

tests were performed in order to analyze the post-curing effect on the mechanical properties of the direct/indirect hybrid

composite resin, and compare to the indirect composite resin.

The Filtek™ P60 restorative material is a visible-light activated, radiopaque, restorative composite. It is designed for

use in posterior restorations. The filler in Filtek P60 restorative is zirconia/silica. The inorganic filler loading is 75.9%

in weight or 61.0% by volume (without silane treatment) with a particle size range of 0.01 to 3.50µm. The composite

contains Bis-GMA (Bisphenol A diglycidyl ether dimethacrylate), Bis-EMA (Bisphenol A polyetheylene glycol diether

dimethacrylate), and UDMA (urethane dimethacrylate) resins (3M Product Catalog), Table 1.

The composite laboratory Artglass
TM

 is a combination of the organic portions the conventional monomer Bis-GMA

and a multi-functional monomer UTMA (urethane-tetramethacrylate). The inorganic portion of this composite is

essentially a Barium glass and colloidal silica with average size particles of 0.70µm, corresponding 75.0% in weight

(Oertli, 2002), Table 1.

Table 1 – Restorative Materials used in the study - Composition and Manufacturers

Composite Composition Particle size (µm) Manufacturer

Filtek P60
TM

Organic Matrix: Bis-GMA, Bis-EMA and UDMA.

Inorganic Filler: rounded zirconia/silica

(75.9% in weight or 61.0% in volume)
0.01 – 3.50

3M-ESPE, St. Paul,

MN, USA

Artglass
TM

Organic Matrix: Bis-GMA and UTMA,

Barium glass and colloidal silica

(75.0% in weight)
~ 0.70

Heraeus Kulzer,

Germany

2.1. The specimens preparation

The specimens were prepared in a PVC mold, a cylindrical opening of 5.0mm in diameter and 2.0mm in thickness

(Figure 1). The composite was placed into the mold, which was positioned on top of a glass slide of 1mm thick. A

second glass slide of 1mm thick was then placed over the mold and gentle pressure was applied to extrude excess

material. Then, the specimens were polymerized from top and bottom surface through the glass slide using light curing.



2.1.1. Filtek P-60

Fifteen specimens were prepared with Filtek P-60
TM

 composite resin. The top and bottom surfaces of the specimen

were light polymerized using a conventional light curing equipment (Optilight Plus
TM

 – Gnatus, Brazil) (Figure 2 a), for

40 seconds of each side of the specimen. In this equipment, the light guide available is the 11mm outer diameter, the

inner diameter is 10mm, and the output intensity is 500mW/cm
2
, as assessed using a curing radiometer (Gnatus, Brazil).

These specimens were divided in three different groups with 5 specimens each. The first group (G-I) as polymerized

only conventional photo polymerization. A complementary polymerization (post-curing) was accomplished, for the

second group (G-II) using a laboratory light curing unit with 270W power (UniXS
TM

 –Heraeus Kulzer, Germany),

(Figure 2 b), for 180 seconds of each side of the specimen. And for the third group (G-III), the post-curing was

accomplished using dry heat for 125±2°C in the conventional oven for drying and sterilizing applications (EL-1.1 Plus

– Odontobras, Brazil) (Figure 3), for 600 seconds, see Table 2.

Figure 1 – PVC mold, with a cylindrical opening of 5.0mm in diameter and 2.0mm in thickness, and the composite

specimen

a b

Figure 2 – Photo polymerization, (a) conventional photo polymerization equipment (Optilight) with a light guide of

10mm inner diameters and an output intensity of 500mW/cm
2
, (b) laboratory light curing unit UniXS

TM
 with 270W

power

Figure 3 – The conventional oven for drying and sterilizing applications (EL-1.1 Plus), using in dry heat



2.1.2. Artglass

Five specimens were prepared with Artglass
TM

 resin, the fourth group (G-IV), the top and bottom surfaces were then

light polymerized, by curing using a laboratory light curing unit with 270W power (UniXS
TM

 – Heraeus Kulzer) (Figure

2 b), for 180 seconds of each side, in accordance with the manufacturer recommendation, see Table 2.

Table 2 – The curing method using, pre-curing and post-curing, for composite resin Filtek P60
TM

 (G-I, G-II, G-III)

and Artglass
TM

 (G-IV)

Composite Pre-curing Post-curing

G I light curing 500mW/cm
2
 for 80 seconds –

G II light curing 500mW/cm
2
 for 80 seconds laboratory light curing unit 270W for 360 seconds

G III light curing 500mW/cm
2
 for 80 seconds 125±2°C in the oven, for 600 seconds

G IV laboratory light curing unit 270W for 360 seconds –

After polymerization, all specimens was placed in a light proof container with de-ionized water at 37±1°C for 24

hours. This procedure is used in order to complete post irradiation hardening and to simulate the effect of the aqueous

oral environment (Tanoue, 2000 and 2003). After this procedure all specimens was stored in a dark container at room

temperature until the microhardness test.

2.1.3. Vickers hardness test

The top surfaces of each specimen were ground with a series of silicon carbide (SiC) paper (600, 1200 and 2000-

grit) and polished with felt and diamond paste (3µm and 1/4µm) to produce smooth and uniform surfaces. The Vickers

hardness number was determined using a microhardness tester (Durimet – Ernst Leitz, GMBH, D-6330, Wetzlar,

Hannover, Germany). The Vickers hardness number (HV) was calculated after application of a 50 gram-force loading

for 15 seconds of dwell time (ASTM E-384, 1999). The Vickers microhardness average was determined using five

indentations.

Vickers hardness test were performed, in order to analyze the post-curing effect on the mechanical properties of the

direct/indirect hybrid composite resin (Filtek P60
TM

), and compare to indirect composite resin (Artglass
TM

). All

microhardness data were then subjected to Variance Analysis (ANOVA) at a significant level of 0.05 to determine the

differences among Vickers microhardness average value, and the Duncan’s test to investigate inter-group differences of

the Vickers microhardness average value.

3.  Results

Table 3 presents the average results of the Vickers microhardness test (50 gram-force for 15 seconds), and the

standard error (SE) of the five specimens, Filtek P60
TM

 resin using conventional polymerization (G-I), post-curing using

light and heat method (G-II and G-III), and Artglass
TM

 resin using conventional polymerization (G-IV).

Table 3 - The means of Vickers microhardness number (HV) (50 gram-force for 15 seconds) and standard error

(SE), as a function of the curing method for direct/indirect hybrid composite resin (Filtek P60
TM

) (G-I, G-II, G-III) and

indirect composite resin (Artglass
TM

) (G-IV)

Group HV (50gf) SE

G-I 98.07 1.12

G-II 109.03 1.48

G-III 106.46 0.80

G-IV 59.45 0.45

The Filtek P60
TM

 resin when polymerized using a conventional light curing method produced HV=98.07 with

standard error SE=1.12, the post-curing resulted in higher Vickers hardness values, using a laboratory light curing unit

for 360 seconds produced HV=109.0 and SE=1.48, and in the oven heat at 125±2°C for 600 seconds produced

HV=106.46 and SE=0.80.

The Artglass
TM

 resin when polymerized using a laboratory light curing unit for 360 seconds produced HV=59.45

and SE=0.45.

The ANOVA point out a significant difference among the four groups. The Duncan test was used for subsequent

multiple comparisons. Significance level was always set at 95%. Table 4 shows the differences among the groups. It can

be verified that groups G-II and G-III are equal, but are different from G-I and G-IV. The Vickers hardness values of

the groups G-II and G-III are bigger than G-I, and much bigger than G-IV.



Table 4 –Statistic analysis. The subgroups (2 and 3) identified by different colors (G-I and G-IV) are significantly

different (p��������7KH�VXEJURXSV�����LGHQWLILHG�E\�WKH�VDPH�FRORU��*�,,�DQG�*�,,,��DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW
(p>0.05)

Group Subgroup

1 2 3

G-II

G-III

G-I

G-IV

4.  Discussion

In this paper, the post-curing polymerization performance of a prosthetic composite material (Filtek P60
TM

) using a

laboratory light curing unit and a conventional oven heat was evaluated by Vickers microhardness test.

Table 3 shows than the means Vickers microhardness value (HV) of Filtek P60
TM

 resin using an additional

laboratory light curing polymerization or heat post-curing methods resulted in higher Vickers hardness value when

compare to the conventional polymerization method, and still higher Vickers hardness than Artglass
TM

 to the

conventional polymerization method.

Vickers hardness for Filtek P60
TM

 increased with post-curing treatments, in a good agreement with the open

literature (Rueggeberg, 1988, Khan, 1993, Park, 1996, Park, 1996, Yamaga, 1995).

In Table 4 shows that the Filtek P60
TM

 resin, with an additional laboratory light curing polymerization or heat post-

curing methods, the hardness results had not shown significant difference among the groups.

The results indicated that the Vickers microhardness value using post curing light (laboratory light curing unit) or

heat (conventional oven) had similar effect.

5.  Conclusions

In accordance with the methodology used in this study, it is possible to conclude:

- The direct/indirect composite resins (Filtek P60
TM

) presented higher mechanical properties (Vickers microhardness),

before post-curing treatments.

- The post-curing method produced a similar increase in the Vickers microhardness values for both methods, showing

that increase in hardness is independent of the post-curing treatments (laboratory light curing or heat in oven).

- Filtek P60
TM

 using a conventional light curing or the post-curing resulted in higher Vickers microhardness than the

Artglass
TM

 using a laboratory light curing unit for 360 seconds.

- The employment of post-curing using heat methods on direct/indirect composite Filtek P60
 TM

 resulted in similar

mechanical properties obtained using a laboratory light curing unit, this gives dental professionals an important clue,

because the use of some equipment normally present in their offices can provide indirect composite restorations with

good mechanical properties. and resulting in great reduction in treatment costs. The laboratory light curing unit is

much more expensive than conventional oven for drying and sterilizing applications.

6.  Acknowledgements

The authors would like to express their gratitude to Mr. José Lúcio Terra, Chief of Structural Integrity Service –

EC2, Center of Nuclear Technology Development (CDTN/CNEN), for the facilities.

7.  References

Asmussen, E. & Peutzfeldt, A., 1990, “Mechanical properties of heat treated restorative resins for use in the

inlay/onlay technique”, Scandinavian Journal of Dental Research, Vol.98, No.6, pp. 564-567.

Asmussen, E. & Peutzfeldt, A., 1991, “Mechanical properties of three composite resins for the inlay/onlay

technique”, Journal of Prosthetic Dentistry, Vol.66, No.3, pp. 322-324.

ASTM E-384, 1999, “Standard Test method for Microhardness of Materials”, American Society for Testing and

Materials ASTM, Annual Book of Standards, Vol.3.

Baharav, H., Bros, T., Pilo, R. & Cardash, H., 1997, “Effect of irradiation time on tensile of stiffness and strength of

composites”, Journal of Prosthetic Dentistry, Vol.77, No.5, pp. 471-474.

Brosh, T., Baharav, H., Gross, O. & Laufer, B. Z., 1997, “The influence of surface loading and irradiation time

during curing on mechanical properties of a composite”, Journal of Prosthetic Dentistry, Vol.77, No.6, pp. 573-577.

Khan, A.M., Satou, N., Shintani, H., Taira, M., Wakasa, K. & Yamaki, M., 1993, “Effects of post-curing by heat on

the mechanical properties of visible-light cured inlay composites”, Journal of Oral Rehabilitation, Vol.20, No.6, pp.

605-614.



Kildal, K.K., Ruyter, I.E., 1997, “How different curing methods affect mechanical properties of composite for inlays

when tested in dry and wet conditions”, European Journal Oral Science, Vol.105, No.4, pp. 353-361.

Matsumura, M., Tanoue, N. & Atsuta, M., 1999, “Depth of cure of prosthetic composite materials polymerized with

laboratory and handheld photo-curing units”, Journal of Oral Rehabilitation, Vol.26, No.9, pp. 698-703.

Miranda, C.B., Pagani, C., Bottino, M.C., Ana Raquel Benetti, A.R., (2003) “A comparison of microhardness of

indirect composite restorative materials”, Journal of Applied Oral Science, Vol.11, No.2, pp. 157-161.

Oertli, D.C.B., Mandarino, F., Guerreiro, M.R., (2002), “Estudo de diferentes sistemas de polimerização para

restaurações estéticas indiretas”, Revista da Associação Brasileira de Odontologia, Vol.59, No.1, pp. 61-64.

Park, S.H. & Lee, C.S., 1996, “The difference in degree of conversion between light-cured and additional heat-cured

composites”, Operative Dentistry, Vol.21, No.5, pp. 213-217.

Park, S.H., 1996, “Comparison of degree of conversion for light-cured and additionally heat-cured composites”,

Journal of Prosthetic Dentistry, Vol.76, No.6, pp. 613-618.

Peutzfeldt, A. & Asmussen, E. 1990, “A comparison of accuracy in seating and gap formation for three inlay/onlay

techniques”, Operative Dentistry, Vol.15, No.4, pp. 129-135.

Rueggeberg, F.A. & Craig, R.G., 1988, “Correlation of parameters used to estimate monomer conversion in a light-

cured composite”, Journal of Dental Research, Vol.67, No.6, pp. 932-937.

Rueggeberg, F.A., Ergle, J.W. & Lockwood, P.E., 1997, “Effect of photoinitiator level on properties of a light and

post-cure heated model resin system”, Dental Materials, Vol.13, No.6, pp. 360-364.

Soares, C.J. Pizi, E.C.G., Fonseca, R.B. & Martins, L.R.M., (2005), “Mechanical properties of light cured

composites polymerized with several additional post curing methods”, Operative Dentistry, Vol. 3, No.5, pp. 389-394.

Soh, M.S., Yap, A.U.J, (2004) “Influence of curing modes on crosslink density in polymer structures”, Journal of

Dentistry, Vol.32, pp. 321–326.

Tanoue, N., Atsuta, M. & Matsumura, H., 2003, “Properties of a new photo-activated composite polymerized with

three different laboratory photo-curing units”, Journal of Oral Rehabilitation, Vol.30; No.8, pp. 832–836

Tanoue, N., Matsumura, H. & Atsuta, M., 1998, “Properties of four composite veneering materials polymerized with

different laboratory photo-curing units”, Journal of Oral Rehabilitation, Vol.25, No.10, pp. 358-364.

Tanoue, N., Matsumura, H. & Atsuta, M., 1999, “Effectiveness of polymerization of a prosthetic composite using

three polymerization systems”, Journal of Prosthetic Dentistry, Vol.82, No.3, pp. 336-340.

Tanoue, N., Matsumura, H. & Atsuta, M., 2000, “Comparative evaluation of secondary heat treatment and a high

intensity light source for the improvement properties of prosthetic composites”, Journal of Oral Rehabilitation, Vol.27,

No.4, pp. 288-293.

Wendt Jr., S.L., (1987), “The effect of heat used as secondary cure upon the physical properties of three composite

resins. II. Wear, hardness, and color stability”, Quintessence Int, Vol.18, No.5, pp.351-356.

Xu, H.H.K., Smith, D.T., Scumacher, G.E., Eichmiller, F.C., Antonucci, J.M., 2000, “Indention modulus and

hardness of whisker-reinforced heat-cured dental resin composites”, Dental Materials, Vol.16, No.5, pp. 248-254.

Yamaga, T., Sato, Y., Akagawa, Y., Taira, M., Wakasa, K., Yamaki, M., 1995, “Hardness and fracture toughness of

four commercial visible light-cured composite resin veneering materials”, Journal of Oral Rehabilitation, Vol.22,

No.12, pp. 857-863.

8.  Responsibility notice

The authors are the only responsible for the printed material included in this paper.


