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Objective  The aim of this study is to evaluate the color alteration and shore A hardness 
of a medical silicone with extrinsic pigmentation, before and after accelerated aging.
Materials and Methods Twenty samples (Silastic Q7–4735) were made with an 
intrinsic pigmentation. This intrinsic pigmentation was composed of a pink pigment 
(H-109-P, Factor II) and an opacifier (ZnO). All samples had standardized dimensions 
(45-mm diameter and 2-mm thickness). Half of the 20 samples manufactured subse-
quently received an extrinsic pigment (Tan FE–215, Factor II). Therefore, two groups 
were created (n = 10): Group 1, group with intrinsic pigmentation and without extrin-
sic pigmentation (control) and Group 2, group with intrinsic and extrinsic pigmenta-
tion. Samples were submitted to color and Shore A hardness tests, before and after 
1,008 hours of aging.
Statistical Analysis Color alteration data were submitted to Student’s t-test  
(α = 0.05). Shore A hardness data were submitted to two-way analysis of variance and 
Tukey test (α = 0.05).
Results  The incorporation of the extrinsic pigment on the silicone did not affect its 
color (ΔE) when the two groups were compared (p = 0.232). Regarding the hardness 
test, the interaction between group and period did not interfere with the hardness 
results(p=0.599). However, the period factor showed that there was a reduction in the 
hardness of the silicone after aging (p < 0.05).
Conclusion  In this study, all the hardness and color results of the silicone used were 
clinically acceptable, regardless of the presence of extrinsic pigmentation.
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Introduction
Facial defects are usually caused by cancer, traumatic acci-
dents, or congenital diseases and can affect speech, qual-
ity of life, and the psychological state of an individual.1 
Maxillofacial prostheses can be used to mask these facial 
defects,1 improve aesthetics,2-9 quality of life, and self-esteem 
of the patients,3,5 in addition to protecting areas that contain 

bloody tissues.3,5These prostheses also allow many patients 
with orofacial defects to return to their daily activities in 
public.3,10

The silicone elastomer for external prostheses was first 
used in 1960.11,12 Subsequently, silicone has become the 
most used material in the manufacture of maxillofacial pros-
theses.3,8-13 According to Nobrega et al, silicone elastomers 
are biocompatible, easy to manipulate, chemically inert, 
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relatively strong, flexible, translucent, esthetic, comfort-
able, and stable when exposed to heat.5 In addition, they 
repel water, blood, and organic materials.3,5 Unfortunately, 
the clinical deterioration of a silicone prosthesis usually 
occurs from 33,5,10 to 12 months2,4-7,10,13 after its manufacture. 
This deterioration occurs due to intrinsic7,14 and extrinsic 
factors.1-3,7,8,10,13-17

The most common reason why a patient does not like his 
or her silicone prosthesis is due to its color fading.10 Thus, 
color degradation is a reason to remake a silicone facial pros-
thesis.6 In addition to color, another important property is 
the hardness. According to some authors, the hardness of a 
silicone determines its flexibility and allows the prosthesis to 
mimic the human skin texture, providing greater comfort for 
the patient.3,13 Therefore, these two properties are extremely 
important for a maxillofacial silicone prosthesis.

The silicones can be stained intrinsically and/or extrinsi-
cally to give them more lifelike natural appearance.18 Due to 
the lack of studies in the literature evaluating color stability 
and hardness of silicones that received extrinsic pigmenta-
tion, the present study aimed to evaluate the color stability 
and Shore A hardness of a medical silicone with extrinsic pig-
mentation, before and after accelerated aging.

Materials and Methods
Preparation of Samples
Twenty silicone samples (Silastic Q7–4735; Dow Corning 
Corporation, Michigan, United States) were made with an 
intrinsic pigmentation. This intrinsic pigmentation was com-
posed of a pink pigment (H-109-P; Factor II, United States) 
and an opacifier (ZnO nanoparticles). A metallic matrix was 
used to manufacture the samples. All samples had standard-
ized dimensions (45-mm diameter and 2-mm thickness).3,7 
Half of the 20 samples manufactured subsequently received 
an extrinsic pigment (Tan FE–215; Factor II, United States). 
Therefore, two groups were created: Group 1, group with 
intrinsic pigmentation (H-109-P, Factor II and ZnO opacifier) 
and without extrinsic pigmentation (control); and Group 2, 
group with intrinsic (H-109-P, Factor II and ZnO opacifier) 
and extrinsic pigmentation (Tan FE–215, Factor II).

The pigment and opacifier were weighed by using an 
analytical balance (BEL Analytical Equipment, Brazil). The 
intrinsic pigment corresponded to 0.2% of the silicone  
weight.5,7,9,13,14,16,17 The intrinsic opacifier (ZnO) corresponded 
to 2% of the silicone weight.3 The silicone was manipulated at 
23 ± 2°C with a relative humidity5,7-9,13,14,16,17 of 50 ± 10%.14,16,17 
The base and catalyst paste were mixed according to the 
manufacturer’s recommendations until the paste becomes  
homogeneous. Then, a pink pigment (H-109-P, Factor II) 
and an opacifier (ZnO) were added to the colorless silicone 
paste. Subsequently, the silicone was poured into a metallic 
matrix. The matrix was closed and submitted to 1,000 kgf 
in a hydraulic press (Maxx II; Essence Dental VH, Brazil) for 
10 minutes. Then, the metallic matrix was inserted into a 
sterilization and drying oven (SolidSteel, Brazil) at a tempera-
ture of 116°C for 10 minutes to complete the polymerization 
of the material.

Subsequently, an extrinsic pigment was applied to half 
of the samples. The extrinsic pigment (Tan FE–215, Factor 
II) was diluted in 1,1,1-trichloroethane (I-301 Extrinsic 
Tri-Fluid; Factor II, United States) in the proportion of  
1 mL (extrinsic pigment) to 1 mL (1,1,1-trichloroethane). 
This extrinsic pigment (Tan FE–215, Factor II) diluted in 
1,1,1-trichloroethane (I-301 Extrinsic Tri-Fluid, Factor II) 
was uniformly sandblasted on the surface of the Group 2  
samples with the help of an airbrush (WIMPEL, Brazil). 
Subsequently, the extrinsic paint was sealed following the 
manufacturer’s recommendations. The extrinsic pigment 
(Tan FE–215, Factor II) corresponded to 0.2% of the silicone 
weight.

Color Stability and Shore A Hardness Tests
Both groups were submitted to color stability and Shore A 
hardness tests, before and after accelerated aging. The color 
readings were taken using a spectrophotometer of visible 
ultraviolet reflection (UV-2450, Shimadzu, Japan).5,14,15,17 
Color  alteration  (ΔE)  was  calculated  by  the  Commission 
Internationale de L’Eclairage (CIE) L*a*b* system, established 
by the CIE. This system can be calculated according to the 
formula: ΔE = [(ΔL)2 + (Δa)2 + (Δb)2]½.5-7,14,15,17,19-23 The “L” rep-
resents brightness from 0 (black) to 100 (perfect white), the 
“a” represents the amount of red (positive values) or green 
(negative values), and the “b” represents the amount of yel-
low (positive values) or blue (negative values).5,7,17,21,23 Color 
readings were taken before and after accelerated aging.

The hardness test evaluation (Shore A) was performed 
using a digital durometer (GSD 709 Teclock, Japan), according 
to American Society for Testing and Materials, Designation 
D2240.2,3,8,13 The needle penetrated the samples at a load of 
10N.3,8,13 The measurement was established between 0 and 
100 Shore A, with ±1% of tolerance.8 The hardness values were 
expressed in Shore A units.2,3,8,13 Each sample was positioned 
on the stand of the hardness meter at a distance of ±2 mm 
from the penetration tip of the appliance.8 The penetration 
tip applied pressure for 15 seconds on the samples.8 Three 
measurements were performed on each sample, before and 
after accelerated aging. Subsequently, a mean was obtained 
from the three measurements made on each sample.

All samples were submitted to the accelerated aging 
test using an accelerated aging chamber (Equilam, Brazil). 
Accelerated aging was performed according to the American 
Society for Testing and Materials, Designation G53–96.24 The 
samples were subjected to alternating periods of ultraviolet 
B light (UVB-313 lamps, 40 Watts, Equilam) and conden-
sation of distilled water under the conditions of heat and 
100% humidity.3,5,7,9,13-17 Each aging cycle was performed for 
12 hours. In the first 8 hours, the temperature was main-
tained at 60 ± 3°C, and the ultraviolet B light was imputed 
onto the samples.3,5,7,9,13-17 In the last 4 hours, the tempera-
ture was maintained at 45 ± 3°C and a condensation period 
occurred without ultraviolet B light.3,5,7,9,13-17 This process 
simulated the deterioration caused by rainwater, dew, and 
ultraviolet light from the sun.3,5,7,9,14-17 The aging was per-
formed for a total of 1,008 hours.3,5,7,9,16
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Statistical Analysis
All data were analyzed using the Statistical Package for Social 
Sciences 20.0 (SPSS-IBM Corp., United States). Color alteration 
data were submitted to the Student’s t-test (α = 0.05). Shore A 
hardness data were submitted to the two-way repeated mea-
sures analysis of variance and the Tukey test (α = 0.05).

Results
The incorporation of the extrinsic pigment on the silicone did 
not affect its color (ΔE) when the two groups were compared 
(p = 0.232; ►Table 1).

Regarding the hardness test, the interaction between 
group and period did not interfere with the hardness results 
(p = 0.599). However, the period factor showed that there 
was a reduction in the hardness of the silicone after aging  
(p <0.05) (►Table 2 and 3).

Discussion
The degradation of a silicone can cause changes in its physi-
cal and mechanical properties,2,5 such as color alteration and 
surface hardness. The color alteration and hardness of a sil-
icone may be caused by intrinsic and extrinsic factors. The 
intrinsic factor is related to changes in the silicone matrix, 

causing its degradation.7,14,22 The extrinsic factors like ultra-
violet radiation, daily handling, temperature, air pollution, 
water absorption, and adsorption can also cause degrada-
tion of a silicone.1-3,5,7,8,10,13-17,22 According to Goiato et al9 and 
Mancuso et al,15 the use of 1,008 hours of accelerated aging 
(in vitro) corresponds to 1 year of constant use of a silicone 
prosthesis by the patient.9,15 Therefore, if a silicone prosthe-
sis generally has a maximum clinical durability of 1 year,2,4-

7,10,13,15 aging for 1,008 hours (in vitro) is sufficient to simulate 
a clinical situation.

Paravina et al reported that the perceptibility threshold and 
the acceptability threshold are thresholds used to assess the 
color changes of dental materials.25 According to some authors, 
a  ΔE  <1  represents  a  visually  imperceptible  color  change,  
a  ΔE  ≥1.0  represents  a  visually  perceptible  color  change,  
a  ΔE  <3.3  represents  a  clinically  acceptable  color  change,  
and  a  ΔE  ≥3.3  represents  a  clinically  unacceptable  color 
change for a material.20,26,27 In addition, in the literature, it is 
also possible to find some authors who report a ΔE <3.7 for 
a clinically acceptable color change of a material.5,21-23 In the 
present study, the color alteration in each group was lower 
than 3.3 (►Table 1). Therefore, both groups showed clinically 
acceptable values.

The ZnO is used in the manufacture of sunscreens to pro-
tect human skin against ultraviolet rays because it has a high 
refractive index.3 In this study, the acceptability of color val-
ues after accelerated aging can be explained by the presence 
of ZnO nanoparticles in both groups. According to Nobrega 
et al, as the nanoparticles are smaller than the ultraviolet 
light wavelength, their electrons vibrate when they are hit by 
this radiation, thereby dissipating a portion of the light while 
absorbing another.3 Thus, ZnO can absorb and disperse ultra-
violet rays, forming a protection for the silicone.3,19

Extrinsic pigmentation is essential for the manufacture of 
a silicone prosthesis, since only intrinsic pigmentation may 
not adequately simulate the human skin color, from a clinical 
point of view. The findings of this study are important for 
both dentist and patient, since extrinsic pigmentation caused 
acceptable changes in the silicone color after aging. Thus, an 
extrinsic pigmentation applied to a prosthesis would not be a 
cause of concern for the dentist and patient over time, based 
on the color change. Therefore, based on this study and the 
color property, extrinsic pigmentation is clinically indicated.

The group factor showed no statistical difference  
(p = 0.214) based on the hardness property (►Table 3), indi-
cating that the presence of an extrinsic pigmentation did not 
change the hardness of the silicone. However, the period factor 

Table 1  Color alteration (ΔE) and standard deviation for 
groups with and without extrinsic pigmentation

Groups Mean Standard 
deviation

p-Value

Group 1 (without extrinsic 
pigmentation)

2.42 0.40 0.232

Group 2 (with extrinsic 
pigmentation)

2.12 0.66

Note: Student’s t-test, p < 0.05.

Table 2  Means of Shore A hardness and standard deviation of 
silicone regardless of pigmentation method

Period Mean Standard 
deviation

Initial 36.20 a 3.10

Final 34.15 b 1.59

Note: Different letters indicate significant statistical difference (Tukey’s 
test, p < 0.05).

Table 3  Two-way repeated measures analysis of variance for silicone Shore A hardness

Source SS df MS F p-Value

Group 11.0250 1 11.025 1.5832 0.214

Period 42.0250 1 42.025 6.0347 0.018a

Group ×period 2.0250 1 2.025 0.2908 0.599

Residue 250.7000 36 6.9639

Total 305.7750 39

aIndicates a statistical difference (p <0.05).
Abbreviations: SS, Sum of Square; df, degree of freedom; MS, Mean Squares.



637Extrinsic Pigmentation dos Santos et al.

European Journal of  Dentistry   Vol. 14   No. 4/2020

showed that there was a reduction in the hardness of the sil-
icone after aging (p <0.05) (►Tables 2 and 3). Thus, the accel-
erated aging caused a statistically significant reduction in the 
hardness of the silicone used. However, this result was consid-
ered clinically acceptable, since acceptable changes in hardness 
vary from 25 to 35 Shore A units for a silicone prosthesis.2,3,8,13 
Therefore, based on this study and the hardness property, 
extrinsic pigmentation is clinically indicated.

According to Tetteh et al,1 the weathering can induce 
changes in physical, mechanical, and chemical characteristics 
of polymers.1 The degradation of a polymer  due to weather-
ing is the result of a combined action of oxygen and sunlight 
(photo-oxidative attack) on the chemical structure of this 
material.1 This degradation causes an initial formation of free 
radicals, reaction of free radicals with oxygen, production of 
polymer oxy- and peroxy-radicals, and secondary polymer 
radicals, resulting in chain scission.1 In addition, a reaction of 
different free radicals with each other can result in crosslinking.  
It is also important to mention that a crosslinking can occur 
due to the formation of bonds between existing monomers 
or bonds between chains.1 In this study, accelerated aging 
may have caused this set of events, resulting in a reduction in 
the hardness of the samples.

Nobrega et al3 and Nobrega et al5 can also explain the reduc-
tion in the hardness of the samples in this study after aging.3,5 
This can have happened because most polymers contain aro-
matic rings and C=C bonds in their structures.5 Aromatic rings 
and C=C bonds can absorb ultraviolet rays during accelerated 
aging.5 When a polymer molecule absorbs ultraviolet light, 
this energy promotes instability in the molecular aging.3,5 
The excess energy can be transmitted by excitation from one 
molecule to another, allowing the first molecule to regain 
its stability.3,5 In this way, affected groups can return to their 
original state by releasing energy in the form of longer wave-
lengths, such as visible light or heat.3,5 However, a photochem-
ical degradation occurs when this excess energy  is released, 
contributing to molecule deterioration.3,5

A limitation of the present study was the lack of studies 
with methodologies similar to those used in the present study 
for comparisons between findings. Thus, further studies on 
facial silicones and extrinsic pigmentation are needed.

Conclusion
In this study, all the hardness and color results of the silicone 
used were clinically acceptable, regardless of the presence of 
extrinsic pigmentation.
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