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An Experimental Study on the Microhardness of 4 Kinds
of Direct Composite Resins
Nam-Joong Kim
Department of Dental Technology and Science, Shinhan University, Uijeongbu, Korea

Objective: The objective of this study is to compare the microhardness of various direct composite resins.
Methods: The authors performed experiments on the microhardness of direct composite resins after polymerizing 4 kinds of
direct composite resins on the medio-occluso-distal cavity (MOD) standard specimens.
Results: The microhardness of Z350 was the highest (p＜0.05). According to post-hoc study with Turkey honest significant
difference by multiple comparison on microhardness test results, there were statistically significant differences between all
kinds of direct composite resin. The microhardness of the direct composite resin past the expiration date was the lowest.
Conclusion: Z350 scored the highest concerning the microhardness, and there was a statistically valid difference from the direct composite resin past its expiration date.
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Introduction

ally growing.
Porcelain has excellent wear resistance and esthetics and
great compressive stress, thus widely used for cosmetic dental
materials. However, despite of its remarkable esthetics, it has
great fragility and teeth can be fractured by stress concentration
even by a small flaw [1]. Moreover, there are other weaknesses
as follows: the impermeability of metal substructure impedes
natural transparency; much time is spent on controlling it; skilled techniques are needed; and its wearing may destroy opposing natural teeth [2].
Self-polymerizing acrylic resins, developed in the 1930s,
have a number of problems such as high marginal leakage, pulp
injury, recurrent caries, color change due to high polymerization shrinkage, coefficient of thermal expansion, and defect
of abrasion resistance [3]. To remedy their shortcomings, composite resins were developed by Rowen R. L. in the National
Bureau of Standards in the early 1960s.
Composite resins are composed of resin matrix, mineral filler, and coupling agent. The matrix is a plastic resin binding to

With a development of varied procedures by academic progress, many kinds of mechanical devices and materials are currently provided into the field of dental medicine. In particular,
as the level of national income increases and people are more
interested in beauty, there is a growing interest in esthetic treatment procedures day by day. Accordingly, materials for dental
restoration are being altered from former amalgam and gold alloy with economics, functionality and precision to porcelain
and resins with excellent esthetics, whose usage is also gradu-

Corresponding author Nam-Joong Kim
Department of Dental Technology and Science, Shinhan University,
95 Hoam-ro, Uijeongbu 11644, Korea. Tel: +82-31-870-3425,
Fax: +82-31-870-3429, E-mail: wnj120@hanmail.net
Received December 9, 2017, Revised December 23, 2017,
Accepted December 26, 2017

Copyright ⓒ 2017. Korean Academy of Preventive Dentistry. All rights reserved.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

183

International Journal of Clinical Preventive Dentistry

filler particles, comprising continuous phase, and it includes
dental BIS-GMA, UDMA, and TEGDMA. The filler enhances
the strength of resin by mixing with it, including quartz, colloidal silica, lithium aluminum silicate, barium (Ba), and strontium (Sr). Lastly, the coupling agent is applied to the filler and
increases binding force between the matrix. Organosilanes are
most widely used among those agents [4].
The size of microfilled composite resin particles is
0.04-0.06 m, and the amount of mineral fillers accounts for
30%-35% of the total weight. As the content of resin matrix is
relatively more than that of other components, it has high contractibility and absorptiveness in the polymerization reaction
and large thermal expansion coefficient compared to conventional composite resins, but it has low protruding fillers.
Moreover, even if deviated from the resin, the fillers are not
shown like bubbles and the surface is smooth owing to their very
small sized particles. Hybrid Composite resins are the latest
type of composite resin [5].
Accordingly, composite resins for dental restoration require
the following properties: 1) excellent mechanical physical
properties such as high hardness, high strength, and wear resistance; 2) water resistance; 3) colors and semi-transparency similar to those of nature teeth; 4) small thermal expansion coefficient; 5) rapid polymerization reaction; 6) small cure shrinkage; 7) excellent adhesiveness with teeth; 8) biocompatibility
and small toxicity [6]. Among those properties, the hardness is
a measure to show the resistance of materials for indenters and

Table 1. Subject
Composite resin
Aelite
Gradia
Spectrum
Z350
Total

Company
Bisco, USA
GC, Japan
Dentsply, Germany
3M ESPE, USA

Expiration date
Number
(past the expiration date)
2019. 07 (2012. 06)
2019. 10 (2013. 11)
2020. 04 (2013. 06)
2019. 12 (2013. 05)

10
10
10
10
40

to inform us of the hard and soft property of materials [1].
Although it is routinely used for examining the physical property of materials, its concept is not clearly expressed and is also
variously defined [7].
In this context, the present study conducted a microhardness
examination aimed at 4 kinds of direct composite resins, dividing them into the two groups such as up-to-date and out-of-date
(3 years or more) products. Based on this, we will provide crucial information for clinical application by exploring and comparing the differences by products and their expiration dates.

Materials and Methods
1. Materials
In this study, we compared 4 kinds of direct composite resins
(shade A3) currently in use by examining their microhardness.
The 4 resins include Aelite (Bisco, Schaumburg, IL, USA),
Gradia (GC, Tokyo, Japan), Spectrum (Dentsply, Konstanz,
Germany), and Z350 (3M-ESPE, St. Paul, MN, USA), and their
expiration dates are shown in Table 1 and Figure 1. Ten MOD
standard samples were produced by each kind for this
experiment.

2. Methods
1) Preparation
Improved dental stone (Fujirock; GC) was poured into the
silicone mold made in the shapes of a 10×10×30 mm square pillar and a 10×4×2 mm cavity to produce the standard samples.
The prepared standard samples were filled with the direct composite resins of each manufacturing company, and then this
mixtures were polymerized for 20 seconds using a light curing
unit (LA 500 blue light; Apoza, New Taipei City, Taiwan)
(Figure 2). The proximate surfaces of the polymerized standard
samples were rounded off by a sandpapers (No. 1,200).

Figure 1. Direct composite resins
and expiration date.
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Figure 2. Light curing unit and Resin up.

Figure 3. Micro hardness tester.

2) Microhardness test
The microhardness of each well-rounded off standard sample was measured 3 times using a microhardness testing machine (DMH-2; Matsuzawa Co., Akita, Japan), and Vickers
hardness number (VHN) was calculated on condition that 0.5
kg of weight was applied for 5 seconds (Figure 3).
3) Statistical analysis
IBM SPSS ver. 22.0 Ko (IBM Co., Armonk, NY, USA) program was employed for statistical analysis. To compare average
measurements for the microhardness by products (4 kinds of direct composite resins) and their expiration dates, one-way
ANOVA and t-test were performed respectively. Multiple comparison post hoc analysis was also performed using Tukey honest significant difference (HSD), and the significance level was
0.05.

Results
1. Comparison between the microhardness
measurements in the not-expired products
As a result, the microhardness of Z350 (3M) was highest
(89.90), followed by Aelite (Bisco), Spectrum (DP), and Gradia

(GC). In addition, it was nearly twice more than that of Gradia
(GC) (40.62). The peak and valley values were 99.6 in the Z350
(3M) and 34.0 in the Gradia (GC), respectively. All results
showed statistically significant differences (Table 2).

2. Comparison between the microhardness
measurements in the expired products
As a result, the microhardness of Z350 (3M) was highest
(66.68), followed by Spectrum (DP), Aelite (Bisco), and Gradia
(GC). Moreover, it was almost 3 times more than that of Gradia
(GC) (24.66). The peak and valley values were respectively
71.4 in the Z350 (3M) and 20.7 in the Gradia (GC). There were
statistically significant differences in all results (Table 3).

3. Comparison between the microhardness
measurements by expiration dates
The results revealed that the microhardness of the expired
products was lower than that of the not-expired ones. Specifically,
a greatest difference was 28.33 in the Aelite (Bisco). On the contrary, a lowest difference was 6.86 in the Spectrum (DP).
However, as a result of converting the average difference into
a percentage, there was a greatest difference in Gradia (GC)
(39.3%). There were statistically significant differences in all
results (Table 4).
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Table 2. Results of microhardness test (no past the expiration date)
Composite resin

Number

Mean±standard deviation

Minimum

Maximum

p-value*

Aelite (Bisco)
Gradia (GC)
Spectrum (DP)
Z350 (3M)

10 (30)
10 (30)
10 (30)
10 (30)

73.05±4.08
40.62±4.15
55.02±8.38
89.90±4.97

63.2
34.0
42.6
81.0

79.4
48.8
68.5
99.6

＜0.05

*p-value by one-way ANOVA.

Table 3. Results of microhardness test (past the expiration date)
Composite resin

Number

Mean±standard deviation

Minimum

Maximum

p-value*

Aelite (Bisco)
Gradia (GC)
Spectrum (DP)
Z350 (3M)

10 (30)
10 (30)
10 (30)
10 (30)

44.72±2.43
24.66±1.75
48.16±1.62
66.68±2.92

39.3
20.7
45.1
61.7

48.5
27.1
50.6
71.4

＜0.05

*p-value by one-way ANOVA.

Table 4. Results of microhardness test (according to the expiration date), n=10 (30)
Composite resin
Aelite (Bisco)
Gradia (GC)
Spectrum (DP)
Z350 (3M)

Expiration date Mean±standard deviation
Past

44.72±2.43

No past
Past
No past
Past
No past
Past

73.05±4.08
24.66±1.75
40.62±4.15
48.16±1.62
55.02±8.38
66.68±2.92

No past

89.90±4.97

Average difference

Ratio of average difference

p-value*

28.33

38.8

＜0.001

15.96

39.3

＜0.001

6.86

12.5

＜0.001

23.22

25.8

＜0.001

*p-value by t-test.

Discussion
Varied materials such as amalgam were currently used for
dental restoration. Composite resins out of them are continuously developed as a material that can supplement the disadvantage shown in gold alloy or amalgam, namely esthetics,
and the application is also now expanded.
Mandikos et al. [8] reported that the components affecting
the mechanical properties of composite resins included polymerization degree, content of dental fillings, size, and type.
Condon and Ferracane [9] indicated that the content of dental
fillings was proportional to the strength, and Choi [10] reported
that, to obtain the hardness required as a restorative material,
curing light should penetrate equally into the whole area of the
resin for a sufficient time upon photopolymerization for sufficient polymerization reaction.
In comparison to other restorative materials, composite res-
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ins may be more easily produced in a short time and have natural
tooth color as a bio-friendly material. However, low strength
and hardness pointed out as a shortcoming of the resin should
be improved to the natural tooth level for successful restoration
as a dental prosthesis. In particular, the hardness of restorative
materials may have an effect on their abrasivity for long-time
usage [5].
Accordingly, Mandikos et al. [8] revealed that the weight loss
by abrasion was measured to be 0.24%, 1.21% and 3.78% in the
enamel, Bellegalss HP and Targis, respectively, and that the sur2
face hardness was highest in the enamel (331.7 kg/mm ), fol2
2
lowed by Bellegalss HP (75.0 kg/mm ) and Targis (40.5 kg/mm ),
thus showing differences between natural teeth and composite
resins. In addition, Mandikos et al. [8] reported that indirect
composite resins are able to overcome the limitations of direct
restoration by reducing polymerization shrinkage and increasing mechanical strength because additional thermal polymer-
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ization is possible after photopolymerization. Da Fonte Porto
Carreiro et al. [11] reported that Z100 for direct restoration had
higher surface hardness than other resins for indirect
restoration. In this regard, the results of our study concerning
resins for direct restoration showed that the surface hardness of
Aelite, Gradia, Spectrum and Z350 was measured to be 73.05,
40.62, 55.02 and 89.90, respectively. With regard to resins for
indirect restoration, Kim [5] revealed that the surface hardness
of SR Adoro, Premise Indirect, Sinpony and Tescera was measured to be 57.10, 53.52, 29.67 and 95.86, respectively, and Choi
[10] also indicated that that of Gradia, Tescera I and Tescera II
was measured to be 66.55, 91.63 and 98.32, respectively.
Accordingly, it is considered that these results are attributed to
the difference between polymerization methods of composite
resins or the content of dental fillers rather than the difference
between direct and indirect restoration.
Surface hardness is defined as resistance of materials for indentation when a constant force is applied, and it means clinically resistance for scratch or abrasion and has close relation
to the easiness of surface grinding. For composite resins, the surface hardness can be improved by increasing the content of dental fillers [2].
In the present study, we measured the microhardness in the
widely used direct composite resins to explore the difference
between the measurements by products and their expiration
dates. Consequently, there was the difference in all measurements, which was statistically significant. Even if this study was
designed to conduct experiments for direct restorative materials
by applying directly them to natural teeth, gypsum model materials were employed as a standard sample and direct composite
resins were treated in the environments different from those of
the human mouth in terms of working and storage conditions.
Thus, there may be results not corresponding to clinical
situations. In this regard, further studies for direct restoration
applying resins to natural teeth should be conducted under the
conditions that are as similar as possible to those of the human
mouth.

Conclusion
In this study, we conducted microhardness experiments by
polymerizing 4 kinds of direct composite resins to MOD standard samples to compare their microhardness, and obtained the
following results:

1. The microhardness was highest in Z350 and lowest in
Spectrum (p<0.05).
2. In expired direct composite resins, the microhardness was
also highest in Z350 and lowest in Spectrum (p<0.05).
3. When comparing direct composite resins by their expiration dates, the microhardness decreased in all expired products
(p>0.001).
4. After multiple comparison post hoc analysis by Turkey
HSD, all results showed statistically significant differences.
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