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SUMMARY The effect of pre-heating resin composite on

pre-cured viscosity and post-cured surface hardness

was evaluated. Groups of uncured specimens were

heated to 60 �C and compared with control groups

(24 �C) with respect to viscosity and surface hardness.

Mean (SD) viscosities of the pre-heated specimens

(n = 15) were in the range of 285 (13)–377 (11) (Pa)

compared with 642 (35)–800 (23) (Pa) at ambient

temperature. There was a statistically significant

difference between the two groups (P < 0Æ001). Mean

(SD) Vickers microhardness (VHN) of the pre-heated

group (n = 15) was 68Æ6 (2Æ3) for the top surface and

68Æ7 (1Æ8) for the bottom surface measured at 24 h post

curing (specimen thickness = 1Æ5 mm). The corre-

sponding values for the room temperature group

were 60Æ6 (1Æ4) and 59Æ0 (3Æ5). There was a statistically

significant difference between corresponding

measurements taken at the top and bottom for the

pre-heated and room temperature groups (P < 0Æ001).

There was no significant difference between top and

bottom measurements within each group. Pre-heat-

ing resin composite reduces its pre-cured viscosity

and enhances its subsequent surface hardness. These

effects may translate as easier placement together

with an increased degree of polymerization and

depth-of-cure.
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Introduction

Placement of resin composite (RC) restorations in

anterior and, in particular, posterior teeth has increased

dramatically over the past 5 years (1). This has been

driven by factors such as patient demand, an increased

desire for minimally invasive restorations and more

predictable dental adhesive systems (2). Indeed, the

longevity of load-bearing RC restorations placed in

posterior teeth may be comparable to that of amalgam

(3, 4). However, it is of concern that when using more

viscous compositions, such as high-filler content den-

sified or hybrid RC materials, these may not adapt fully

or completely to the cavity preparation (5). In such

scenarios, voids may be introduced between the com-

pleted RC restoration and underlying tooth surface,

which may result in poor marginal integrity (6).

However, the viscosity of more viscous RC materials

may be reduced through pre-heating, before placement

and polymerization, to a temperature of approximately

68 �C (7). A decrease in viscosity between 20 and 35 �C
can also occur (8). A serendipitous aspect of such pre-

heating has been shown to be improved polymerization

parameters such as increased reaction rate and degree

of conversion (9–11). Thus, it might be expected that

pre-heating, before polymerization, would improve the

mechanical properties of RC materials and such an

effect has been reported (12, 13). Additionally, a

correlation has been reported between surface microh-

ardness and degree of polymerization (14) such that the

former (e.g. Vickers hardness number, VHN) may be

appropriate as a simple monitor of mechanical strength.

Pre-heating may be achieved by placing compoules,

or syringes, of the RC material in a composite warming
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tray or a water bath. At least one manufacturer presents

a dedicated composite heater for this purpose (15).

Warming RC has also been shown to reduce the film

thickness of some conventional materials (16), which

serves to increase ease of manipulation and has resulted

in less microleakage in vitro (17). Indeed, the kinetic

parameters for polymerization of resin monomers have

been shown to follow an Arrhenius-type behaviour

such that a relatively modest increase in temperature

may promote a large increase in reaction rate (18).

Recent reports indicate an increase in microhardness

for commercially available RC materials with pre-

heating, but this is not accompanied by complementary

viscosity data. (12, 19). A comparison of top and bottom

surface hardness of disc specimens, where the activation

curing tip is in contact with the top surface only, may be

taken as an indication of the ‘depth-of-cure’ (19), and it

is suggested that the bottom ⁄ top ratio should be in

excess of 0Æ8 for adequate polymerization (20).

The purpose of this investigation was to compare

1 pre-cure viscosity

2 post-cure top and bottom surface microhardness

numbers (VHN)

3 post-cure bottom surface ⁄ top surface VHN ratios of a

commercial densified (high-filler content) RC material

exposed and cured at a nominal temperature of 60 �C
with those exposed and cured at room temperature.

The null hypotheses are that

1 there is no difference in mean pre-cure viscosity for a

RC measured at 60 and 24 �C.

2 there is no difference in post-cure mean surface

microhardness for discs of a RC (top and bottom

surface, respectively) that have been pre-heated to a

nominal temperature of 60 �C before exposure with

those that have been exposed at 24 �C.

3 there is no difference in post-cure mean surface

microhardness ratios (bottom ⁄ top) for discs of a RC that

have been pre-heated to a nominal temperature of

60 �C before exposure with those that have been

exposed at 24 �C.

Materials and methods

Spectrum TPH is a light-curing hybrid RC restorative

material. The inorganic filler is barium boroaluminos-

ilicate glass (mean particle size < 1 lm), together with

colloidal silica (particle size = 0Æ04 lm). The resin phase

comprises a BisGMA adduct with hexamethylene diis-

ocyanate, an ethoxylated bisphenol-A-dimethacrylate,

and triethylene glycol dimethacrylate. Total inorganic

filler content is 57% (vol), 77% (mass).

Viscosity

Viscosities (Pa) of two groups (n = 2 · 15) of uncured

RC material* were measured using a variable-temper-

ature rheometer† in dynamic oscillation mode (fre-

quency = 5 Hz, constrant strain amplitude = 5 ·
10)4 rad) with a parallel plate configuration, at 60 �C
(Group #1) and 24 �C (Group #2). The use of a parallel

plate arrangement ensures that the shear rate is

relatively constant throughout the material being tested

(21). The diameter of the upper parallel plate measured

40 mm. Following heating and dispensation of the RC

material onto the lower plate, the upper plate was

lowered so that the gap between the upper and lower

plates was set at 2 mm. The rheometer was used in

continuous oscillation mode with a frequency of 5 Hz.

For convenience, readings from the rheometer were

recorded at elapsed times after dispensation of 10, 30,

60, 90 and 120 s and compared. Statistical analysis was

carried out using SPSS for Windows (‡ Version 15).

Vickers microhardness (VHN)

The experimental procedure has been reported previ-

ously (22), the principal details of which were as

follows: Two further groups of RC (n = 2 · 15) were

exposed in nylon washers using a QTH LCU§ at full

intensity (nominally 570 mW ⁄ cm2) for 30 s. A speci-

men depth of 1Æ5 mm was considered to be consistent

with the maximum desirable depth for the incremental

curing of resin composites (Figure 1). Group #3 was

first pre-heated to 60 �C in a dry oven¶ for 15 min

before exposure. Each specimen was then removed

from the oven and immediately exposed to the LCU

at ambient room temperature (24 �C) with the

light-curing tip positioned at 0Æ9 mm above the spec-

imen surface (which was the thickness of the separating

microscope slide) (Figure 1). A reflective background

was used under each specimen, which had also been

*Spectrum TPH, Shade C3, Lot 60605212; Dentsply DeTrey Gmbh,

D-78467, Konstanz, Germany.
†CarriMed CSL500; TA Instruments Ltd., Leatherhead, Surrey, UK.

‡Version 15; SPSS Inc, Wacker Drive, Chicago, IL, USA.
§Degulux Softstart, Dentsply DeTrey Gmbh, D-78467, Konstanz,

Germany.
¶Gallenkamp Hotbox; Sanyo Gallenkamp PLC, Loughborough, UK.
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pre-heated to 60 �C. Top and bottom surface VHN were

recorded at 24 h after exposure. During this time

interval, the specimens were stored dry in an opaque

box at 24 �C. Group #4 was similarly exposed and

indented at ambient room temperature, 24 �C, without

pre-heating.

All microhardness measurements were taken using a

calibrated Vickers indenter** using a load of 300 g and a

dwell time of 10 s.

Statistical analysis was carried out using SPSS for

Windows‡. A repeated measures analysis of variance

was used with location (top ⁄ bottom) as the repeated

measure and Group (#3, #4) as the between-specimens

variable.

Results

The experimental results are presented in Tables 1 and

2.

Viscosity

The variability in the two groups was statistically

significantly different, so the non-parametric Mann–

Whitney test was used to compare the two groups at

each time point. A Bonferroni adjustment was made for

multiple testing. There was a statistically significant

difference (P < 0Æ001) between Group #1 and Group #2

at all times. To investigate the dependence of viscosity

on temperature, a linear mixed model was fitted to the

data because of repeated observations on the same

specimen at different times. At a temperature of 24 �C,

the model of viscosity against time is viscos-

ity = 660Æ2 + 1Æ09 (time). At a temperature of 60 �C,

the model of viscosity against time is viscos-

ity = 261Æ4 + 1Æ09 (time). Both time and temperature

are statistically significant predictors of viscosity

(P < 0Æ001).

VHN

1 There was a statistically significant difference

between the measurements taken at the top for

Groups 3 and #4 (P < 0Æ001).

Fig. 1. Schematic of light-curing methodology.

Table 1. Mean (SD) viscosity (Pa) of pre-heated and room

temperature composite at different time intervals

Time (s) 10 30 60 90 120

Group #1: 60 �C 285 (13) 308 (12) 334 (13) 355 (13) 377 (11)

Group #2: 24 �C 642 (35) 685 (34) 723 (30) 765 (21) 800 (23)

Corresponding data for each time are significantly different

(p < 0Æ001).

Table 2. Mean (SD) surface microhardness (VHN) of pre-heated

and room temperature composite

VHN Top Bottom Bottom ⁄ top ratio

Group #3: 60 �C 68Æ6 (2Æ3)a 68Æ7 (1Æ8)a 1Æ00c

Group #4: 24 �C 60Æ6 (1Æ4)b 59Æ0 (3Æ5)b 0Æ97c

Similar superscripts indicate no significant difference (p < 0Æ001).
**MVK-H1, Mitutoyo, 1-20-1 Sakato, Takatsu-Ku, Kawasaki-Shi 213,

Japan.
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2 There was a statistically significant difference

between the measurements taken at the bottom for

Groups 3 and #4 (P < 0Æ001).

3 There was no significant difference between the

measurements taken at the top and bottom for Groups

3 and #4, respectively.

4 There was no significant difference between the

bottom ⁄ top ratios for Groups 3 and #4.

Discussion

The linear mixed model of viscosity regressed on time

indicates a reduction by a mean factor of 2Æ5 (approx-

imately) for the higher temperature investigated. This

significant reduction is in general keeping with previ-

ous reports for comparable materials (7, 8) and should

facilitate ease of placement and adaptation of the RC

material to the internal features of a cavity, thereby

reducing the risks of incorporating interfacial voids

within the restoration. It may be of interest that the

contribution of time to mean viscosity in the linear

mixed model is similar for both temperatures.

The VHN data reported for the curing at ambient

temperature are comparable to the data reported for the

same commercial product and shade with a similar

light-curing unit (22). Given the reported correlation

between surface microhardness and degree of polymer-

ization, the increased values of VHN for 60 �C may be a

reflection of the beneficial aspects of polymerization at

a suitably elevated temperature – most likely because

of greater mobilities of growing chain moieties in the

heated polymerizing material (18). Whether these

effects are relevant, in vivo, is expected to depend on

the rate of ambient cooling and on the time taken in

placing the restoration. A recent study reports a 50%

temperature drop within 2 min of removing a compa-

rable RC material from a proprietary heating device

(23). In the present study, it may be expected that some

cooling did occur on removal from the oven but this

may not be unrelated to the clinical situation. In

contrast, while there might be some concerns regarding

placing hot composite adjacent to the vital pulp, it is

reported that the major thermal risk is associated with

photopolymerization and not with RC temperature

(24).

It is of interest that the respective values of VHN for

top and bottom surfaces increase in the same propor-

tion in both temperature groups so that a similar

bottom ⁄ top VHN ratio is maintained (effectively 1Æ0),

which is in excess of the value of 0Æ8 suggested for

adequate bottom cure (20). However, because of the

increased top surface hardness, this has the implication

that an improved cure is achieved at the bottom in the

heated composite regime, within the parameters inves-

tigated. It is likely that a greater depth-of-cure may be

achieved on pre-heating (or a similar depth with a

reduced exposure), other parameters being equal. This

effect is in keeping with a recent report with a

comparable material (19).

Within the parameters of the investigation, the null

hypotheses are rejected in the cases of temperature

effects on viscosity and on respective top and bottom

hardness. Thus, it is clear that placement and curing of

RC at the elevated temperature should confer the

benefits discussed. While the null hypothesis cannot be

rejected regarding bottom ⁄ top microhardness ratios,

this observation is actually beneficial in that a greater

depth-of-cure may occur at the higher temperature as a

result of the increased top surface hardness observed.
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Ade A, Sampaio EM. The influence of C-factor, flexural

modulus and viscous flow on gap formation in resin compos-

ite restorations. Oper Dent. 2007;32:356–362.

6. Korkmaz Y, Ozel E, Attar N. Effect of flowable composite

lining on microleakage and internal voids in Class II composite

restorations. J Adhes Dent. 2007;9:189–194.

7. Hilton TJ, Broome JC. Direct posterior esthetic restorations.

In: Summitt JB, Robbins JW, Hilton TJ, Schwartz RS, dos

Santos J Jr, eds. Fundamentals of operative dentistry a

S . L U C E Y et al.4

ª 2009 The Authors. Journal compilation ª 2009 Blackwell Publishing Ltd



contemporary approach. (3rd ed). Chicago, USA: Quintes-

sence Publishing Co Inc; 2006:3.

8. Lee JH, Um CM, Lee IB. Rheological properties of resin

composites according to variations in monomer and filler

composition. Dent Mater. 2006;22:515–526.

9. Trujillo M, Newman SM, Stansbury JW. Use of near-IR to

monitor the influence of external heating on dental composite

photopolymerization. Dent Mater. 2004;20:766–777.

10. Daronch M, Rueggeberg FA, De Goes MF. Monomer conver-

sion of pre-heated composite. J Dent Res. 2005;84:663–667.

11. Vaidyanathan J, Vaidyanathan TK. Interactive effects of resin

composition and ambient temperature of light curing on the

percentage conversion, molar heat of cure and hardness of

dental composite resins. J Mater Sci Mater Med. 1992;3:

19–27.

12. Munoz CA, Bond PR, Sy-Munoz J, Tan D, Peterson J. Effect of

pre-heating on depth of cure and surface hardness of light-

polymerized resin composites. Am J Dent. 2008;21:215–222.

13. Bausch JR, de Lange C, Davidson CL. The influence of

temperature on some physical properties of dental composites.

J Oral Rehabil. 1981;8:309–317.

14. DeWald JP, Ferracane JL. A comparison of four modes of

evaluating depth of cure of light activated composites. J Dent

Res. 1987;66:727–730.

15. Addent Inc 43 Miry Brook Rd, Danbury, CT, 06810-7407.

Retrieved online Sept 03, 2009 from http://www.addent.com/

prod-calset1.html.

16. Blalock JS, Holmes RG, Rueggeberg FA. Effect of temperature

on unpolymerized composite resin film thickness. J Prosthet

Dent. 2006;96:424–432.

17. Wagner WC, Aksu MN, Neme AM, Linger JB, Pink FE, Walker

S. Effect of pre-heating resin composite on restoration

microleakage. Oper Dent. 2008;33:72–78.

18. Daronch M, Rueggeberg FA, De Goes MF, Giudici R.

Polymerization kinetics of pre-heated composite. J Dent Res.

2006;85:38–43.

19. Awliya WY. The influence of temperature on the efficacy of

polymerization of composite resin. J Contemp Dent Pract.

2007;8:1–9.

20. Pilo R, Cardash HS. Post-irradiation polymerisation of differ-

ent anterior and posterior visible-light-activated resin com-

posites. Dent Mater. 1992;8:299–304.

21. Farrar DF, Rose J. Rheological properties of PMMA bone

cements during curing. Biomaterials. 2001;22:3005–3013.

22. Coffey O, Ray NJ, Lynch CD, Burke FM, Hannigan A. Surface

microhardness of a resin composite exposed to a quartz

halogen lamp, in vitro. Quintessence Int. 2004;35:795–800.

23. Daronch M, Rueggeberg FA, Moss L, De Goes MF. Clinically

relevant issues related to preheating composite. J Esthet

Restor Dent. 2006;18:340–350.

24. Daronch M, Rueggeberg FA, Hall G, De Goes MF. Effect of

composite temperature on in vitro intrapulpal temperature

rise. Dent Mater. 2007;23:1283–1288. Epub 2007 Jan 2.

Correspondence: Noel J. Ray, Restorative Dentistry, University Dental

School and Hospital, Wilton, Cork, Ireland. E-mail: n.ray@ucc.ie

P R E - H E A T I N G B E F O R E P O L Y M E R I Z A T I O N 5

ª 2009 The Authors. Journal compilation ª 2009 Blackwell Publishing Ltd


