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Objective To analyze the influence of three pigment incorporation methods on color 
change, dimensional stability, and detail reproduction of the MDX4–4210 and A-2186 
silicones.
Materials and Methods The A-2186 and MDX4–4210 silicones were used for prepa-
ration of samples, with the incorporation of bronze, black and pink pigments, using-
conventional, mechanical, and industrial incorporation methods. Samples were sub-
mitted to the initial readings of color (n = 10; 22-mm diameter × 2-mm thickness), 
detail reproduction, and dimensional stability (n = 10; 30-mm diameter × 3-mm thick-
ness). Readings were also taken at the end of 252, 504 and 1,008 hours of aging cycles.
Results Quantitative data were evaluated by ANOVA and Tukey test, with a level of sig-
nificance of 5%. The mechanical and industrial methods caused smaller color changes of all 
samples compared with the conventional method (p < 0.05). In most cases, the mechanical 
and industrial methods caused less samples’ contraction than the conventional method after 
aging (p < 0.05). The color change values increased progressively in each aging period for all 
samples (p < 0.05). The contraction values increased progressively in each aging period for all 
samples (p < 0.05). In the qualitative analysis of detail reproduction, all samples presented full 
reproduction of the three grooves, with accurate angles, initially and after the aging periods.
Conclusions The industrial and mechanical methods showed the best results for color 
and dimensional stability. Despite the statistical differences, all pigment incorporation 
methods generated acceptable dimensional and color changes of the MDX4-4210 and 
A-2186 silicones, regardless of the pigment and aging. In addition, the detail reproduc-
tion was satisfactory after aging periods in all cases of this study, showing the excellent 
quality of the A-2186 and MDX4–4210 silicones.
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Introduction
Maxillofacial prostheses are important for patients with 
orofacial defects.1-8 These prostheses protect the areas con-
taining exposed tissues and satisfactorily represent an 

alternative for esthetic recovery.9 In addition, they improve 
users’ self- esteem and quality of life, allowing their reinte-
gration into society.1,7,9-11 Among the materials available for 
making maxillofacial prostheses, silicone elastomer is the 
most used option.1,2,4,7,9-11
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Silicones are biocompatible,3,4,11 easy to manipulate,1,3,10,12 
chemically inert, relatively strong,1,5 flexible, translucent, 
esthetic, light weight,11 comfortable,7,10 stable when exposed 
to heat, and repel water, blood, and organic materials.2,9

The deterioration of silicones usually occurs from 3 to 
12 months after prosthesis fabrication.13 The silicone degra-
dation is related to exposure to ultraviolet rays, air pollution, 
humidity, incorrect cleaning, and daily handling of the pros-
theses by patients.3,9,12 Color, dimensional stability and detail 
reproduction are properties directly related to the aesthetics 
of a facial prosthesis.7,13,14 Due to deterioration, color13 and 
dimensional instability2,7 of the silicone may occur. In addi-
tion, detail reproduction is another factor that must be eval-
uated after the deterioration of a silicone.

When pigments are added to silicones, changes in their 
physical and mechanical properties may occur.4-6,12,13 Addi-
tionally, the pigment incorporation method may influence 
the amount of bubbles formed within the material, and this 
may affect the properties of silicones.15 In the literature, 
there is no information on the industrial method of pigment 
incorporation into the MDX4–4210 and A-2186 silicones. 
The MDX4–4210 and A-2186 silicones are elastomers widely 
used for facial rehabilitation,16 and their study is fundamen-
tal for dentistry. Therefore, the aim of this study was to ana-
lyze the influence of three pigment incorporation methods 
(conventional, mechanical and industrial) on color change, 
dimensional stability, and detail reproduction of the MDX4–
4210 and A-2186 silicones, before and after aging.

Materials and Methods
The silicones A-2186 (A2) (Factor II, USA) and Silastic MDX4–
4210 (MDX) (Dow Corning Corporation Medical Products, 
USA) were used in this study. These silicones were distrib-
uted according to the intrinsic pigment (black, bronze and 
pink) added to them, the incorporation method (conven-
tional or manual, mechanical, and industrial), and the tests 
to be performed (color and dimensional stability/detail 
reproduction).

The pigments bronze (Tan FI - 215, Factor II, USA) and 
black (Black FI - 205, Factor II, USA) are commercially avail-
able. The new medium pink pigment (Orbital Colors, Orbital 
Ind. e Com. Ltd, Brazil) was also tested in this study. For sam-
ple preparation, the silicones and pigments were weighed on 
a digital analytical balance (Adventurer, Ohaus Corporation, 
USA).9 Each pigment from Factor II corresponded to 0.2% of 
the weight of its respective silicone.2,6 For the pink pigment, 
the pigments that constituted it corresponded to 0.122% (yel-
low), 0.006% (black), 0.03% (red), and 0.6% TiO2 (white) of the 
silicone weight. All tested pigments had an organic origin 
and the white opacifier (TiO,

2) had a mineral origin.
Regarding the pigment incorporation, in the convention-

al method, the pigment was mixed with the silicone on a 
glass plate by using a stainless-steel spatula, until obtaining a 
homogeneous mass. The silicone was handled at a controlled 
temperature of 23 ± 2°C.2,7,9,14 After the manipulation, the 
silicone was inserted into the matrix and the thickness was 
regularized with the aid of a metal spatula. Subsequently, the 

silicone contained in the matrix was exposed to the envi-
ronment for 72 hours until complete polymerization of the 
material.9 The samples were carefully separated from the 
matrix.9

For the mechanical incorporation, the silicone was man-
ually mixed with the pigment for 15 seconds, followed by a 
mechanical vacuum spatulation (15 pounds) for 10 minutes 
at 425 RPM (Model 1170/97, Polidental Ind. e Com. Ltda, 
Brazil). Then, the silicone was inserted into the matrix, fol-
lowing the same procedure as the conventional method.

The industrial incorporation of pigment to the silicone 
was performed using a grinding machine (CHSG/3-Roll 
Mill, Chemieland, China). The material quality control test 
was performed according to the Deutsches Institut für Nor-
mung (DIN - 53235) standard. Subsequently, the silicone was 
inserted into the matrix, following the same procedure as the 
conventional method.

Samples were submitted to the initial readings of color 
stability (n = 10; 22-mm diameter × 2-mm thickness),17 detail 
reproduction, and dimensional stability (n = 10; 30-mm 
diameter × 3-mm thickness).2,7 Then, samples were aged for 
252, 504, and 1,008 hours,2,6,7,13 and new readings were taken 
at the end of each aging cycle.

Color stability readings were obtained using a spectro-
photometer of visible ultraviolet reflection (UV-2450, Shi-
madzu, Japan). Color changes (∆E) were calculated using the 
CIELab System, as established by Commission Internationale 
de I'Eclairage (CIE; International Commission on Illumina-
tion). This system can be calculated according to the formula: 
∆E = [(∆L)2 + (∆a)2 + (∆b)2]½.3,12,13,15,17-22 The coordinate “a” rep-
resents the amount of red (positive values) and green (neg-
ative values), while coordinate “b” represents the amount of 
yellow (positive values) and blue (negative values).6

For the dimensional stability analysis, samples were 
scanned using an 800 dpi-resolution scanner (Genius, 
 Germany). To standardize the measurement, a metallic block 
with two vertical lines 25 mm apart was scanned with each 
sample. Measurements were performed using the AutoCAD 
2018 software (R16 version N63.0, Autodesk, Inc., USA). Scan 
images were imported into the software using the “ Raster 
image” tool.7,14 Each sample was measured three times, 
and the following formula was applied (%): (B - A)/A × 100 
(A =  distance between block lines = 25 mm; B = distance 
between the lines of the sample).2,7,8,14

For the detail reproduction analysis, the angular accuracy 
of three grooves (20-, 50-, and 75 μm-wide) were evaluated 
in each sample using a stereoscopic (Olympus, Japan) with 
low-angle illumination and 13X magnification. The detail 
reproduction evaluation was performed according to Goiato 
et al: score X–no groove reproduction; score 0–full reproduc-
tion of two of the three grooves; score 1–full reproduction of 
the 3 grooves with inaccurate angles; score 2–full reproduc-
tion of the 3 grooves with accurate angles.7,8,14

For the accelerated aging, samples were placed in an accel-
erated aging chamber (Equilam, Brazil). The samples were 
subjected to alternating periods of ultraviolet light and con-
densation using oxygen-saturated distilled water under the 
conditions of heat and 100% humidity. Each aging cycle was 
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performed for 12 hours. In the first 8 hours, the ultraviolet 
light was imputed onto the samples and the temperature was 
at 60 ± 3°C. In the last 4 hours, the temperature was at 45 ± 
3°C and the condensation period occurred without light. This 
test was performed for a total of 1,008 hours.2,3,6,9,10,13 Read-
ings were taken after 252, 504 and 1,008 hours of accelerated 
aging.2,6,10,13

Quantitative data were analyzed using analysis of variance 
(ANOVA) and Tukey test, with a level of significance of 5%. For 
the detail reproduction analysis, qualitative scores recom-
mended by Goiato et al were followed.7,8,14

Results
The samples manufactured by the mechanical and industrial 
methods presented the lowest ∆E values (p < 0.05), regard-
less of the silicone type and pigment color (►Table 1).

The accelerated aging produced a progressive increase in 
the color values of all samples, regardless of the silicone, pig-
ment color, and incorporation method, with statistically sig-
nificant difference among periods. ►Table 2 shows only the 
industrial incorporation method; however, the samples of 
the other two methods also showed a significant progressive 
increase (p < 0.05) in the color values in each aging period 
with ∆E < 3.7, regardless of the silicone and pigment.

In most cases, the MDX and A2 silicones manufactured by 
the mechanical and industrial methods showed less contrac-
tion than the silicones (MDX and A2) manufactured by the 
conventional method after aging (p < 0.05) (►Tables  3). The 

accelerated aging produced a progressive increase in the con-
traction values of all samples (%) regardless of the silicone, pig-
ment, and incorporation method, with statistically significant 
difference among periods (p < 0.05) (►Tables 3 and 4 ). ►Table 4 
shows only the industrial incorporation method; however, the 
samples of the other two methods also showed significant 
(p < 0.05) progressive contraction in each aging period (<0.4%), 
regardless of the silicone and pigment.

In the qualitative analysis of detail reproduction, all sam-
ples showed a score of 2 before and after 252, 504, and 1,008 
hours of accelerated aging.

Discussion
Color change is one of the causes for replacement of maxillo-
facial prostheses.6 The results of the present study indicated 
that the mechanical and industrial methods were the most 
favorable methods for color stability (►Table  1). Probably, 
this result happened due to a more homogeneous mixture 
between silicone and pigment, reducing the oxygen incorpo-
ration into the material.

In the present study, there was a progressive increase in 
the color change values after aging periods for all samples. 
This can have happened because most polymers contain aro-
matic rings and C=C bonds in their structures. Aromatic rings 
and C=C bonds can absorb ultraviolet rays during  accelerated 
aging.7 According to Goiato et al and Nobrega et al, when 
a polymer molecule absorbs ultraviolet light, this energy 
promotes instability in the molecular structure. The excess 

Table 1  Mean values (standard deviation) of color alteration (∆e) of the silicones used according to the incorporation method, 
pigment, and silicone brand

Silicone Pigment Incorporation method

Conventional Mechanical Industrial

A2 Bronze 2.01 (0.09) a 1.40 (0.10) b 1.41 (0.18) b

Black 2.16 (0.66) a 1.55 (0.26) b 1.38 (0.14) b

Pink 1.25 (0.17) a 0.81 (0.08) b 0.57 (0.11) b

MDX Bronze 1.93 (0.99) a 1.54 (0.31) b 1.42 (0.19) b

Black 3.63 (0.49) a 2.08 (0.10) b 2.06 (0.09) b

Pink 1.50 (0.19) a 0.93 (0.08) b 0.64 (0.12) b

Note: Tukey test with a level of significance of 5%. Different letters in the row indicate a statistically significant difference (p < 0.05).

Table 2  Mean values (standard deviation) of color alteration (∆e) of the silicones used that received industrial incorporation of 
pigments, according to the pigment, silicone, and different periods of analysis

Silicone Pigment Period

252 hours 504 hours 1008 hours

A2 Bronze 0.81 (0.11) a 1.27 (0.26) b 1.41 (0.18) c

Black 0.51 (0.13) a 0.94 (0.21) b 1.38 (0.14) c

Pink 0.28 (0.10) a 0.40 (0.13) b 0.57 (0.11) c

MDX Bronze 0.38 (0.04) a 0.51 (0.09) b 1.42 (0.19) c

Black 0.31 (0.06) a 0.67 (0.18) b 2.06 (0.09) c

Pink 0.20 (0.04) a 0.37 (0.14) b 0.64 (0.12) c

Note: Tukey test with a level of significance of 5%. Different letters in the row indicate a statistically significant difference (p < 0.05).
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energy can be transmitted by excitation from one molecule 
to another, allowing the first molecule to regain its stability. 
In this way, affected groups can return to their original state 
by releasing energy in the form of longer wavelengths such 
as visible light or heat. However, when this excess energy is 
released, a photochemical degradation occurs, contributing 
to molecule degradation. This can be evidenced by chang-
es in the color and brightness of a material.7,9 Additionally, 
according to Goiato et al, this set of events can also explain 
the dimensional changes of a silicone.7

According to the literature, a ∆E ≤3.7 is considered accept-
able for the color change of a material.23-25 The highest value 

found for chromatic alteration was for the black pigment 
(3.63) incorporated by conventional method to the MDX sili-
cone (►Table 1). Therefore, all groups of the three incorpora-
tion methods showed acceptable color stability.

All dimensional values of this study exhibited a significant 
progressive increase after aging periods, indicating a contrac-
tion of the materials (►Tables 3 and 4 ). Five factors are respon-
sible for dimensional changes in silicones: thermal shrinkage 
due to temperature changes; polymerization shrinkage by 
product release during condensation reactions; sorption after 
exposure to water; disinfectants or high humidity environ-
ments for long periods; and incomplete elastic deformation 

Table 3  Mean values (standard deviation) of dimensional stability (%) of the silicones used, according to the pigment, incorpo-
ration method, and different periods of analysis

Silicone Pigment Incorporation method Period

Initial 1008 hours

A2 Bronze Conventional 0.19 (0.02) Aa 0.34 (0.04) Ab

Mechanical 0.18 (0.03) Aa 0.29 (0.02) Bb

Industrial 0.15 (0.04) Ba 0.28 (0.02) Bb

Black Conventional 0.23 (0.02) Aa 0.34 (0.05) Ab

Mechanical 0.21 (0.04) Aa 0.33 (0.04) Ab

Industrial 0.16 (0.05) Ba 0.32 (0.05) Ab

Pink Conventional 0.16 (0.03) Aa 0.27 (0.04) Ab

Mechanical 0.12 (0.03) Ba 0.24 (0.03) Bb

Industrial 0.10 (0.03) Ba 0.22 (0.05) Bb

MDX Bronze Conventional 0.21 (0.04) Aa 0.35 (0.05) Ab

Mechanical 0.21 (0.04) Aa 0.30 (0.03) Bb

Industrial 0.18 (0.04) Ba 0.30 (0.03) Bb

Black Conventional 0.26 (0.03) Aa 0.36 (0.04) Ab

Mechanical 0.24 (0.02) ABa 0.34 (0.03) Ab

Industrial 0.22 (0.04) Ba 0.37 (0.04) Ab

Pink Conventional 0.17 (0.04) Aa 0.34 (0.03) Ab

Mechanical 0.16 (0.03) Aa 0.24 (0.04) Bb

Industrial 0.14 (0.03) Aa 0.26 (0.03) Bb

Note: Tukey test with a level of significance of 5%. Different uppercase letters in the column denote a statistically significant difference (for each pig-
ment of each silicone individually) (p < 0.05). Different lowercase letters in the row denote a statistically significant difference (p < 0.05).

Table 4  Mean values (standard deviation) of dimensional stability (%) of the silicones used that received industrial incorporation 
of pigments, according to the pigment, silicone, and different periods of analysis

Silicone Pigment Period

Initial 252 hours 504 hours 1008 hours

A2 Bronze 0.15 (0.04) a 0.20 (0.03) b 0.22 (0.02) c 0.28 (0.02) d

Black 0.16 (0.05) a 0.19 (0.05) b 0.25 (0.05) c 0.32 (0.05) d

Pink 0.10 (0.03) a 0.14 (0.03) b 0.17 (0.04) c 0.22 (0.05) d

MDX Bronze 0.18 (0.04) a 0.21 (0.04) b 0.24 (0.03) c 0.30 (0.03) d

Black 0.22 (0.04) a 0.25 (0.05) b 0.29 (0.05) c 0.37 (0.04) d

Pink 0.14 (0.03) a 0.16 (0.03) b 0.20 (0.03) c 0.26 (0.03) d

Note: Tukey test with a level of significance of 5%. Different letters in the row indicate a statistically significant difference (p < 0.05).
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recovery due to viscoelastic behavior.2 The accelerated aging 
used in this study involved ultraviolet rays, temperature chang-
es, and humidity. Ultraviolet rays may be associated with the 
polymerization of a silicone.9 Therefore, these factors may have 
contributed to the dimensional changes of the samples. Despite 
the silicones contraction in all groups after aging periods, this 
situation is within the parameters recommended by ISO 4823.7 
According to this recommendation, the contraction must not 
be greater than 1.5% after 24 hours.7 In the present study, the 
values found after 1,008 hours of aging were less than 0.4%.

In most cases, the silicones manufactured by the indus-
trial and mechanical methods showed greater dimensional 
stability (less contraction) than silicones manufactured by 
the conventional method after aging. This is probably also 
related to a more homogeneous mixture between silicone 
and pigment. In this study, the industrial and mechanical 
methods showed the best results for color and dimensional 
stability. However, the industrial method requires a grinding 
machine, DIN quality control, and qualified professionals. 
This can increase the manufacturing time and cost of a pros-
thesis. Therefore, the mechanical method could be cheaper 
and faster for the rehabilitation of a patient.

Regarding the detail reproduction, all groups showed a score 
of 2, regardless of the incorporation method, pigment, silicone, 
and period. According to Goiato et al, a score of 2 indicates that 
all samples had a full reproduction of the three grooves with 
accurate angles.2,7,8,14 These findings, according to some studies, 
verified that facial silicones had excellent detail reproduction 
capacity, reproducing grooves of up to 20 μm wide.2,7,8,14

Conclusions
The industrial and mechanical methods showed the best 
results for color and dimensional stability. Despite the 
 statistical differences, all pigment incorporation meth-
ods generated acceptable dimensional and color changes 
of the MDX4 -4210 and A-2186 silicones, regardless of 
the pigment and aging. In addition, the detail reproduc-
tion was satisfactory after aging periods in all cases of this 
study, showing the excellent quality of the A-2186 and 
MDX4–4210 silicones.
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