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Color stability and surface roughness of 
chitosan- and nanodiamond-modified 
bisacrylic resin

Abstract: The aim of this study is to evaluate the effect of chitosan or 
nanodiamond incorporation on the color stability and surface roughness 
of a bisacrylic resin subjected to artificial aging. Four bisacrylic 
resins were evaluated, namely, control, chitosan-modified material, 
nanodiamond-modified material, and chitosan–nanodiamond-modified 
material. Twenty-four specimens were prepared for each material. 
The surface roughness was determined using a profilometer with a 
cut-off of 0.25 mm. The baseline color was measured according to the 
CIE L*a*b* system using a reflectance spectrophotometer. After these 
tests, the specimens were individually immersed in cola soft drink, red 
wine, or distilled water (n = 8) for 28 days. After the aging, the surface 
roughness and final color were re-evaluated. The color stability was 
determined using the difference between the coordinates obtained 
before and after the aging process. The data on roughness and color 
change were evaluated using ANOVA and the Tukey test (α = 0.05). 
The results show that the incorporation of nanodiamonds and chitosan 
into a bisacrylic resin provided a better color stability to the materials 
(p = 0.007). The storage in red wine resulted in a higher variation in 
the surface roughness values, especially when only the nanodiamond 
was incorporated to the material (p < 0.05). The incorporation of 
both chitosan and nanodiamonds are promising in providing an 
improvement in the properties of the bisacrylic resin when they are 
simultaneously incorporated in the product. 

Keywords: Color; Surface Properties; Dental Restoration, Temporary; 
Chitosan; Nanodiamonds.

Introduction

Temporary restorations are clinical procedures to protect the remaining 
tooth structure during dental treatments,1 which are especially crucial 
in instances of prolonged treatment, laboratory protocols, and complex 
prosthodontics treatment.1,2 An adequate temporary restoration must 
preserve the structural/functional integrity of tissues during the treatment 
to achieve maximum therapeutic benefit and desired protection of the 
remaining structure.2,3

Temporary restorations are manufactured using a resin-based 
provisional crown and bridge materials4,5 and can be divided into four 
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groups according to their composition: polymethyl 
methacrylate (PMMA), polyethyl or butyl methacrylate, 
microfilled bisphenol A-glycidyl dimethacrylate 
composite resin, and urethane dimethacrylate (light-
polymerizing resins).6,7 Methyl methacrylates and 
bisacrylic resin are superior in terms of aesthetics and 
wear resistance compared with ethyl methacrylates.8,9 
Bisacrylic resin is a relatively new temporary material 
and has been clinically accepted owing to its simplicity 
in handling, desirable aesthetics, ease in polishing, 
and superior mechanical properties compared with 
conventional acrylic temporary resins.10 Although 
temporary restorations may provide several benefits 
for rehabilitation treatment, they may also present 
disadvantages in long-term clinical functions, 
including material fractures.10 Furthermore, the 
inclusion of reinforcement materials is one of the 
methods used to improve their properties. Metal 
wires and fibers have been studied as reinforcement 
for these materials.10,11

Nanodiamonds have become one of the most 
widely studied nanomaterials owing to their unique 
properties such as hardness, thermal conductivity, 
dopability, or optical transparency over a wide 
spectral range.12 Considering that the application of 
nanoparticles as fillers in polymeric matrices has been 
well documented in strengthening of materials, the 
incorporation of nanoparticles into dental polymeric 
materials can be expected to provide an enhancing 
effect on the mechanical properties of the resulting 
functional biomaterials.13,14,15 The incorporation of 
nanodiamonds in dental materials was shown to be 
effective in reinforcing the material, thus increasing 
its strength, surface properties, and biocompatibility.16

Several studies have described the adverse effects 
of acrylate-based resin at the cellular and tissue 
levels.17 The mechanisms of these adverse effects 
involve direct toxicity from the released or residual 
MMA monomer and oxidative stress.18 Chitosan, 
a polysaccharide derivative from chitin that can 
be found in the shell of crustaceans,19,20 has been 
shown to be biocompatible, has no cytotoxicity and 
antibacterial effects, and optimizes drug release.21,22,23 
It is degraded by enzymes into oligosaccharides 
that are promptly resorbed and which can form 
a porous interconnected three-dimensional (3D) 

structure; thus, it can be applied to tissue-engineering 
purposes as a scaffolding biomaterial.19 On the basis 
of these advantages, chitosan has been combined 
with other biomaterials in an attempt to improve 
the biological and mechanical properties.14 The 
application of chitosan materials in dentistry, 
including modification of dentifrices or incorporation 
in some materials, as glass ionomer cements, has 
shown promising results.24

Any modification in the composition of dental 
materials must importantly improve or at least 
do not alter the aesthetic properties and surface 
quality of the original material. If this modification 
results in a low color stability, the durability of the 
temporary restoration can be compromised, whereas 
modification in the surface roughness can result in 
plaque accumulation at levels that are not clinically 
acceptable.25 On this basis, the objective of this study 
is to examine the effect of additives such as chitosan 
and nanodiamond on the color stability and surface 
roughness of bisacrylic resin for temporary restorations 
subjected to artificial aging. Two null hypotheses were 
tested: the incorporation of chitosan or nanodiamond 
do not cause a difference in the color stability and 
surface roughness of a bisacrylic resin and different 
aging solutions do not modify the color stability and 
surface roughness of all studied materials.

Methodology

Sample preparation 
Four bisacrylic resins were used: control 

(Protemp 4, 3M ESPE, St Paul, USA), 5% chitosan-
modified material, 5% nanodiamond-modified 
material, and 2.5% chitosan–2.5% nanodiamond-
modified material. The chitosan, which has a degree 
of deacetylation of 90% and 375 kDa molecular 
weight (Sigma-Aldrich, Saint Louis, USA), and the 
nanodiamonds with carbon nanoparticles with a 
diameter of approximately 2 to 8 nm (Ebersoles, 
Nürnberg, Germany) were used in this study as 
purchased. The chitosan and/or nanodiamond 
was directly incorporated in the bisacrylic resin 
in a larger section of the syringe of Protemp 4 and 
mixed using mechanical (5 min) and ultrasonic (3 
min) mixing to achieve homogeneous consistency 
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(Table 1). The incorporation of chitosan and 
nanodiamond was confirmed by FT-IR (FTIR 
8400, Shimadzu Corp., Kyoto, Japan) using the 
KBr method. Twenty-four specimens measuring 
6 mm × 1.5 mm were prepared for each material 
for a total of 96 specimens. A metallic mould 
was filled with these materials and covered with 
a polyester strip and a glass slide, which was 
compressed to remove the excess materials and 
prevent bubble formation.26 The materials were set 
for 5 min. To guarantee complete polymerization, 
the specimens were stored for 24 h at 37ºC and 100% 
relative humidity.26 After this period, the specimens 
were polished by 360-, 600-, and 1200-grit abrasive 
papers using a polishing machine (APL-4; Arotec 
Ind. Com., Cotia, Brazil) under water refrigeration 
and finished with diamond abrasive solution (6, 3, 
and 1 µm) for 4 min each. In between the polishing 
and finishing procedure steps and after the entire 
process, the specimens were washed with deionized 
water for 2 min using an ultrasonic cleaner (model 
2210; Branson Ultrasonics Corp., Danbury, USA).26

Surface roughness test
A profilometer was used to measure the surface 

roughness (Surftest SJ-400; Mitutoyo Corp., Kanagawa, 
Japan). The needle of the profilometer was positioned 
at the surface of the specimens and by employing a 
0.25-mm cut-off at 0.01 mm/s, three measurements of 
the Ra (arithmetical mean of the surface roughness) 
and Rz values (vertical distance from the highest 

peak to the lowest valley) were performed.25 Each 
measurement was obtained after turning the specimen 
by approximately 120°.

Color measurement
The same samples were then submitted to color 

analysis. Three color measurements were performed 
per sample by a reflectance spectrophotometer 
(UV-2450; Shimadzu Corp., Kyoto, Japan) using the 
CIE L*a*b* color scale (Commission Internationale de 
I’Eclairage) with standard illuminant D65 observer 
functions (two-degree visual field) in the wavelength 
range of 360–740 nm. The color scale was composed of 
a 3D color measurement: L* (luminosity coordinate), 
which ranges from 0 (perfect black) to 100 (perfect 
white), a* (green–red chromaticity), and b* (blue–yellow 
chromaticity).26

Aging procedure
After the measurement, the specimens of each 

bisacrylic resin were individually immersed in 
containers with cola soft drinks (Pepsi, PepsiCo, Rio 
de Janeiro, Brazil) with pH of 2.53, red wine with pH 
of 3.66 (120 Cabernet Sauvignon; Santa Rita, Santiago, 
Chile), or distilled water with pH of 6.37 for a storage 
period of four weeks26 at 37°C (n = 8) (ECB-2, Adamo 
Products Ltda., Piracicaba, Brazil). The solutions were 
renewed once a week.

After the storage, new measurements of the surface 
roughness (Ra and Rz) and color were performed 
following the same procedure described earlier. 

Table 1. Materials used.

Material Description Manufacturer

Control
Bisacrylic resin: ethanol,2,2’-[(1-methylidylidene)bis(4,1-

phenylenoxy)]bis-,diacetate; silane-treated silica; benzyl-phenyl-
barbituric acid; terc-butyl 3,5,5-trimethyl peroxyhexanoate

Protemp 4 / 3M ESPE

Chitosan-modified material
5% weight chitosan added to bisacrylic resin and thoroughly mixed 
using mechanical (5 min) and ultrasonic mixing (3 min) in order to 

achieve homogeneous consistency.

Chitosan / Sigma-Aldrich

Protemp 4 / 3M ESPE

Nanodiamond-modified material
5% weight 2-8 µm nanodiamond added to bisacrylic resin and 

thoroughly mixed using mechanical (5 min) and ultrasonic mixing (3 
min) in order to achieve homogeneous consistency.

Nanodiamond / Ebersoles

Protemp 4 / 3M ESPE

Chitosan- nanodiamond- modified 
material

2,5% weight chitosan + 2,5% weight 2-8 µm nanodiamond added 
to bisacrylic resin and thoroughly mixed using mechanical (5 min) 
and ultrasonic mixing (3 min) in order to achieve homogeneous 

consistency.

Chitosan / Sigma-Aldrich 
Nanodiamond / Ebersoles

Protemp 4 / 3M ESPE
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Color stability analysis
After the new measurements of color in the 3D 

color measurement (L*, a* and b*), ∆E between the 
color coordinates before (baseline) and after the aging 
treatment was calculated using the formula ∆E = [(∆L*)2 
+ (∆a*)2 + (∆b*)2]½.22 The mean values were compared 
in terms of the tested materials and aging methods.

SEM image
For the scanning electron microscopy (SEM) image, 

one specimen from each group (control, chitosan-
modified material, nanodiamond-modified material, 
and chitosan–nanodiamond-modified material) was 
prepared following the above-described process. The 
specimens were coated with Au-Pd alloy in vacuum 
and observed at 300× magnification using SEM (S4800, 
Hitachi, Japan) to characterize the surfaces. 

Statistical analysis
The surface-roughness data (Ra and Rz) and 

color stability (ΔE) were subjected to a normality test 
(Shapiro–Wilk, Bioestat 5.3, Belém, Brazil). Two-way 
repeated analysis of variance (ANOVA) measurements 
were used for the surface roughness (Ra and Rz) for 
comparison of the means, followed by the Tukey 
test (α = 0.05). The color stability mean values were 

subjected to two-way ANOVA and Tukey test (α = 0.05) 
(Statview 5.0.1, SAS Institute Inc., Cary, USA).

Results

Surface roughness 
Surface roughness values Ra and Rz are listed 

in Tables 2 and 3, respectively. No difference was 
observed among the evaluated materials before the 
aging and after storage in all solutions (p > 0.05). In the 
Ra and Rz analysis, in the nanodiamond-modified 
material, the storage in red wine resulted in an increase 
in the values of Ra surface roughness (p = 0.015). 
In the chitosan–nanodiamond-modified material, 
the storage in red wine showed higher values in 
the Rz surface roughness compared with the initial 
measurements (p = 0.023). 

Color stability (ΔE)
The results listed in Table 4 show that no 

difference was observed among the materials 
after storage in the cola soft drinks and red-wine 
solutions (p > 0.05). however, after storage in the 
distilled water, the chitosan–nanodiamond-modified 
material exhibited higher color stability compared 
with the other materials. for the chitosan-modified 

Table 2. Results of the Ra surface roughness of the materials before and after aging in different solutions.

Variable Before aging Distilled water Cola Red wine

Control 0.114 ± 0.140 aA 0.089 ± 0.100 aA 0.049 ± 0.034 aA 0.039 ± 0.006 aA

Chitosan-modified material 0.044 ± 0.013 aA 0.067 ± 0.028 aA 0.061 ± 0.018 aA 0.072 ± 0.037 aA

Nanodiamond-modified material 0.036 ± 0.014 aA 0.054 ± 0.019 abA 0.050 ± 0.016 aA 0.074 ± 0.030 bA

Chitosan- nanodiamond- modified material 0.030 ± 0.008 aA 0.059 ± 0.027 aA 0.056 ± 0.027 aA 0.108 ± 0.100 aA

Different lower case letters indicate statistically significant differences (p < 0.05) among the solutions; Different upper case letters indicate 
statistically significant differences (p < 0.05) among the materials.

Table 3. Results of the Rz surface roughness of the materials before and after aging in different solutions.

Variable Before aging Distilled water Cola Red wine

Control 0.650 ± 0.837 aA 0.525 ± 0.587 aA 0.350 ± 0.385 aA 0.288 ± 0.064 aA

Chitosan-modified material 0.275 ± 0.071 aA 0.475 ± 0.243 aA 0.338 ± 0.119 aA 0.425 ± 0.175 aA

Nanodiamond-modified material 0.237 ± 0.119 aA 0.325 ± 0.104 aA 0.313 ± 0.136 aA 0.450 ± 0.120 bA

Chitosan- nanodiamond-modified material 0.200 ± 0.053 aA 0.250 ± 0.076 ab A 0.287 ± 0.173 abA 0.638 ± 0.504 bA

Different lower case letters indicate statistically significant differences (p < 0.05) among the solutions;  Different upper case letters indicate 
statistically significant differences (p < 0.05) among the materials.
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material, the storage in red wine exhibited higher 
color stability compared with that in the cola soft 
drinks (p = 0.038)

Discussion

In the present study, the effects of the incorporation 
of chitosan and nanodiamond on the color stability 
and surface roughness of bisacrylic resin were 
evaluated. The use of substances such as chitosan 
and nanodiamond has been studied to improve 
the biocompatibility and mechanical properties of 
some materials, including temporary restorations.14 

The results of the current study show that the 
incorporation of chitosan or nanodiamond did 
not cause a significant difference in the surface-
roughness values, and no significant differences in 
the SEM image was observed when compared with 
the control group (Figure). It is important to note 
that the surface roughness values, irrespective of the 
incorporation of chitosan or nanodiamond, remain 
below the critical surface-roughness threshold of 0.2 
µm (Ra) above which dental biofilm formation may 
occur, thus favoring the development of caries and 
periodontal inflammation.27 In another study that 
compared the methods for polishing of a provisional 
prosthetic material, surface-roughness values above 
this limit were found to range from 0.22 to 1.44 for 
the bysacrylic resin.28 However, the incorporation of 
chitosan and/or nanodiamond in a bisacrylic resin 
exhibited alteration in the color-stability values 
after storage in different solutions, which rejected 
the first null hypothesis in this study. The best 
color-stability was found after storage in distilled 
water (5.24 ± 2.13); however, this color-stability 
value was clinically perceptible because ΔE > 3.3 

is considered to be the upper limit of acceptability 
in subjective visual evaluations.29

Nanodiamonds have become one of the most 
studied nanomaterials for incorporation in polymeric 
matrix because they can improve its mechanical 
strength.13 Furthermore, nanodiamond fillers are 
being employed in biological application owing to 
their biocompatibility,15 and the potential application 
of these materials as antimicrobial agent can be 
explored. Nanodiamonds are carbon nanoparticles 
with a diamond-like octahedral structure with a 
diameter of approximately 2 to 8 nm. These fillers 
also have a strong tendency to aggregate in order 
to reduce the surface energy.14 In this condition, 
studying whether these nanofillers can increase the 
surface roughness of a material would be important. 
In the present research, no statistical differences 
were found in both Ra and Rz values (Tables 2 and 3) 
in comparison with the control group, probably 
because of the small size of the incorporated fillers. 
Although a slightly rougher surface was found, 
especially after the red-wine storage, which could 
result in the increase in the biofilm accumulation, 
the antibacterial effect of the nanodiamonds can 
compensate for the higher surface roughness found 
in this group. Furthermore, a deleterious effect of a 
rougher surface on the color stability was not found 
in this research because the nanodiamond-modified 
material did not show any statistical difference from 
the control group in terms of the ΔE values.

The addition of chitosan to the bisacrylic resin 
did not change the surface-roughness values as well 
as the color stability compared with those in the 
control group. Chitosan is a highly charged molecule 
formed by the presence of bridges of hydrogen and 
hydroxyl groups in its polymer chain.30 The beneficial 

Table 4. Results of color stability (ΔE) of the materials after aging in different solutions.

Variable Distilled water Cola Red wine

Control 12.92 ± 7.53 aB 11.00 ± 6.93 aA 11.15 ± 6.81 aA

Chitosan-modified material 8.71 ± 4.20 abB 14.73 ± 7.86 bA 7.79 ± 3.08 aA

Nanodiamond-modified material 8.81 ± 5.88 aB 7.41 ± 5.93 aA 12.24 ± 7.87 aA

Chitosan- nanodiamond-modified material 5.24 ± 2.13 aA 11.18 ± 6.87 aA 8.29 ± 4.84 aA

Different lower case letters indicate statistically significant differences (p < 0.05) among aging solutions. Different upper case letters indicate 
statistically significant differences (p < 0.05) among the materials.
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effect of the incorporation of this polysaccharide 
as a recognized antibacterial effect23 can provide 
a clinical advantage to provisional materials. The 
antimicrobial activity of chitosan and its derivatives 
against bacteria, yeast, and fungi has received special 
attention. This antimicrobial activity depends on 
several factors such as the type of chitosan, pH of 
the medium, temperature, and other factors.31 The 
occurrence of a change in the cell permeability due 
to the interactions between the positive charges of 
chitosan and the negative charges of the cell surface 
was believed to result in the leakage of intracellular 
constituents. In the present study, although no 
statistical difference was found in the color stability 
in the chitosan-modified material compared with 

that in the control group, a higher color stability was 
found in the modified material, especially after the 
storage in distilled water and red-wine solutions. The 
methacrylation of low-molecular-weight chitosan 
and its incorporation into the polymer network of 
composites and adhesives have produced stable 
materials after storage in water,32 which could explain 
the results of the present research. 

The interaction of chitosan with other biomaterials 
such as nanodiamond is important to improve its 
biological and mechanical properties for clinical 
applications.31 The chitosan–nanodiamond-modified 
material showed higher color stability compared 
with other materials, which can be a viable clinical 
alternative by combining the mechanical benefits 

Figure. (a)  SEM image of the surface of control specimen; (b) SEM image of the surface of chitosan-modified material specimen; 
(c) SEM image of the surface of nanodiamond-modified material specimen; (d) SEM image of the surface of chitosan-nanodiamond-
modified material specimen.
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of the nanodiamond and the biological properties 
of chitosan because no relevant modification in the 
surface roughness was also found. Another benefit 
of the incorporation of both materials is that the 
chitosan-nanodiamond composites have a relatively 
low agglomeration and good dispersion of the fillers, 
which provide a larger surface area of nanocomposites 
to form a stronger composite material.14

The storage of the samples in the red-wine solution 
resulted in an increase in the surface-roughness values 
of the nanodiamond-modified material compared with 
the other aging solutions, which rejected the second 
null hypothesis in this study. In the same manner, 
the storage in the cola soft drinks resulted in higher 
color alteration of the chitosan-modified material. 
Probably, the low pH of the cola soft drinks causes 
softening of the matrix. A loss in the structural ions 
occurred, and it decreased the wear resistance of the 
materials.26 Furthermore, the alcohol molecules could 
have been absorbed by the resinous matrix, which 
modified the material surface, and the bisacrylic resin 
could have become more softened, which contributed 
to the generally higher surface-roughness values 
found in the materials after storage in red wine.26 
When parameters L*, a* and b* were separately 
analyzed (Table 5), we observed that the values of most 

parameters in the cola and red-wine solution were 
higher than those in the distilled water independent 
of the material.

Under this condition, the modification of bisacrylic 
resin using chitosan–nanodiamonds appears to 
do not generally prejudice the color stability and 
surface roughness compared with the control group. 
The clinical application of these materials can be 
potentially viable because they can increase their 
mechanical and biological properties. Other studies, 
especially involving long-term analysis, should also 
be considered.

The incorporat ion of both chitosan and 
nanodiamonds can provide a better color stability 
to the bisacrylic resin. The incorporation of only 
the nanodiamond demonstrated generally higher 
surface-roughness values of the materials, especially 
after storage in the red wine. Both chitosan and 
nanodiamonds showed potential to provide 
improvement in the properties of the bisacrylic resin 
when simultaneously incorporated inside the product. 
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Table 5. Mean and standard deviation of the three color parameters (ΔL*, Δa* and Δb*) of the materials after aging in different 
solutions.

Variable
Distilled water Cola Red wine

ΔL* Δa* Δb* ΔL* Δa* Δb* ΔL* Δa* Δb*

Control
-1.53 ± 
15.07

0.26 ± 
1.83

-0.48 ± 
3.36

-1.54 ± 
13.42

-0.23 ± 
1.17

0.07 ± 
3.36

-10.49 ± 
7.67

0.96 ± 
0.58

0.66 ± 
1.48

Chitosan-modified material
-8.51 ± 

4.07
0.73 ± 
0.44

-1.66 ± 
1.11

-13.85 ± 
8.86

1.37 ± 
0.82

-1.84 ± 
2.38

-6.79 ± 
4.37

1.49 ± 
0.37

1.33 ± 
1.59

Nanodiamond-modified material
-2.95 ± 
10.38

0.07 ± 
0.35

0.25 ± 
2.40

-6.72 ± 
6.34

0.19 ± 
0.27

-0.63 ± 
2.42

-5.96 ± 
13.30

0.47 ± 
1.43

1.78 ± 
3.16

Chitosan- nanodiamond-modified 
material

-1.71 ± 
7.69

0.36 ± 
1.34

0.06 ± 
1.95

-1.78 ± 
13.21

0.03 ± 
0.47

0.49 ± 
3.39

-4.65 ± 
8.13

1.09 ± 
0.55

1.52 ± 
2.66
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