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Color stability of thermochromic pigment in 
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PURPOSE. Maxillofacial silicone elastomer is usually colored intrinsically with color pigments to match skin 
colors. The purpose of this study was to investigate the color stability of a maxillofacial silicone elastomer, 
colored with a thermochromic, color changing pigment. MATERIALS AND METHODS. Disc-shaped 
maxillofacial silicone specimens were prepared and divided into 3 groups: a conventionally colored control 
group, one group additionally colored with 0.2 wt% thermochromic pigment , and one group with 0.6 wt% 
thermochromic pigment. Half of the surface of each specimen was covered with an aluminium foil. All of the 
specimens were exposed to UV radiation in 6 hour cycles over 46 days. In between the UV exposures, half of 
the specimens were stored in darkness, at room temperature, and the other half was stored in an incubator, at a 
humidity of 97% and a temperature of +37℃. Color measurements were made with a spectrophotometer and 
registered according to the CIELAB L*a*b* color model system. The changes in L*, a* and b* values during 
artificial aging were statistically analyzed by using paired samples t-test and repeated measures ANOVA. 
P-values <.05 were considered as statistically significant. RESULTS. The UV exposure resulted in visually 
noticeable and statistically significant color changes in the L*, a* and b* values in both of the test groups 
containing thermochromic pigment. Storage in the incubator lead to statistically significant color changes in the 
a* and b* values of the specimens containing thermochromic pigment, compared to those stored at room 
temperature. CONCLUSION. The specimens containing thermochromic pigment were very sensitive to UV 
radiation, and the thermochromic pigment is not suitable, as such, to be used in maxillofacial prostheses. [ J Adv 
Prosthodont 2013;5:75-83]
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INTRODUCTION

Missing or damaged facial parts, which have been lost or 
changed due to genetic disorders or as a result of  disease or 

trauma are, in many cases, rehabilitated using facial prosthe-
ses.1-3 An ideal material should have physical and mechani-
cal properties that are comparable to those of  human tis-
sues and skin. 

Extraoral maxillofacial prostheses are usually fabricated 
using maxillofacial silicone elastomer, colored either inter-
nally or externally using inorganic or organic pigments.4-8 
Used pigments are dry earth pigments, or kaolin and rayon 
flocking, which act as solid fillers that do not bond to the 
silicone. Artist´s oil and liquid cosmetics act as a liquid base 
without bonding to the silicone matrix.9 The mechanical 
and physical properties of  facial prosthetic materials have 
improved over recent years, but the color instability of  the 
facial prostheses still limits the serviceability and is often  
the reason for remaking the prosthesis.10-21 Environmental 
factors, such as weathering, normal aging and cleaning 
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agents cause degradation of  the optical and mechanical 
properties of  the silicone elastomer.12,15,22-27 Polymeric mate-
rials usually have a low thermal stability and little resistance 
to solar radiation.28 Some factors that affect the color stabil-
ity are UVA-UVB irradiation (sunlight), temperature, mois-
ture, wind, dust and pollutants.29

Recently, the use of  0.2 wt% thermochromic, color-
changing, pigment in maxillofacial silicone prostheses was 
suggested.30 The purpose of  the pigment was to mimic the 
color change of  the skin in cold winter weather conditions, 
for example in ear prostheses. Thermochromism is a pro-
cess where the external temperature induces a change in the 
colors of  certain compounds.31 Color-changing pigments 
have been used in thermometers, in toys,32 as temperature 
indicators in cables and wires to detect overheating,31 and in 
the pharmaceutical industry.33

The purpose of  the present study was to measure the 
color stability of  a maxillofacial silicone elastomer colored 
with thermochromic pigment. The thermochromic pigment 
used in this study consists of  thermochromic microcap-
sules with a diameter of  < 7 µm in a powder pigment form. 
It changes color from red to colorless as the temperature 
rises. In reverse, it is colorless in room temperature and 
changes to red as the temperature decreases. Spectro-
photometric analysis was used to evaluate the color at base-
line (before artificial aging) and after UV irradiation, also 
comparing storage in dry, room temperature to storage at 
+37℃ in moisture in an incubator.

The null hypothesis of  the study was that artificial aging 
would not affect the color of  the silicone elastomer con-
taining the thermochromic pigment.

MATERIALS AND METHODS

The materials used in the study are listed in Table 1. 
Maxillofacial sil icone elastomer (MDX4-4210; Dow 
Corning Corp., Midland, MI, USA) was manually mixed 
according to the manufacturer’s instructions. Color pig-
ments were added (Table 1) by using an intrinsic coloring 
technique to make natural, fair skin-colored silicone elasto-
mer. The fair skin-colored silicone elastomer was divided 
into 3 groups. Thermochromic pigment was added to 2 
groups: 0.2 wt% and 0.6 wt% thermochromic pigment was 
added respectively, fair skin-colored silicone elastomer 
without thermochromic pigment was used as control group. 

Maxillofacial silicone elastomer specimens were pre-
pared by using prefabricated stone molds with circular cavi-
ties. The silicone elastomer was poured into the stone 
molds and polymerized for 2 hours at 90℃. The resultant 
test specimens were disc-shaped, with a dimension of  7 ×  
35 mm. The test specimens were finished with a grinding 
paper (Struers Waterproof  Silicon Carbide Paper FEPA 
p#1200; Struers, Ballerup, Denmark), and they were then 
gently cleaned and rinsed with water. After 20 days of  stor-
age at room temperature, in darkness, the baseline color 
measurements were carried out with a spectrophotometer 
(Konica Minolta M-700d/600d; Konica Minolta Sensing 
Inc., Tokyo, Japan). 

All specimens were covered with an aluminium-foil cov-
er over half  of  their surface. The specimens were then 
divided into two main experimental groups (Fig. 1), regard-
ing storage in between the color measurements and the 6 
hour cycles of  exposure to UVA-radiation: half  of  the 

Table 1.  Materials used in the study

Brand name Manufacturer

Maxillofacial silicone elastomer MDX4-4210 Dow Corning Corp., Midland, MI, USA

Thixo  A-300-1 Factor II Inc., Lakeside, AR, USA

Color pigments functional intrinsic silicone coloration II:

white (FI-200) Factor II Inc., Lakeside, AR, USA

flesh ferro (I-100-S)        "

yellow (FI-202) "

blue (FI-203) "

buff (I-206) "

redbrown (I-207) "

red (I-204) "

tan (I-215) "

Rayon fiber flocking:

brown (H-110-B) Factor II Inc., Lakeside, AR, USA

red (H-101-R) "

ChromaZone Free Flowing Powder, pigment red 15 C (BS EN ISO Thermographic Measurements Co. Ltd, Honiton, UK

  9001:2000-Cert. No. FM 35672)
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specimens were stored in darkness at room temperature 
(RT group), +23℃, and the other half  in an incubator at 
+37℃, with a humidity of  97% (37° group). The groups of  
specimens are listed in Table 2. The specimens were then 
exposed to UV-light (UVA lamp Blacklight, F 15W/350 
BL-T8, 315-400 nm; Sylvania, Havells-Sylvania India Ltd) 
for 6 hours daily, apart from during the weekends. Color 
measurements were carried out in room temperature, at 

baseline (day 1), which was 20 days after fabrication of  the 
specimens, and at day 2, 3, 4, 8, 24, 29, 38 and 46. The col-
or-measurements were performed with the spectrophotom-
eter described above, at three points of  each half  of  the 
specimens, using a white background plate and according to 
the CIELAB coordinates. The specimens were thick 
enough, not to be translucent.

In the CIE (Comission Internationale d’Eclairage) 

Table 2.  The division of silicone elastomer specimens into groups, according to the pigment concentration and storage. 
Each group consisted of 6 specimens

Group Color pigments used to color the silicone elastomer specimens Storage in between the exposures to UV irradiation

Group 1/RT Conventional color pigments (Table 1) In darkness, at room temperature (RT)

Group 1/37℃ Conventional color pigments In darkness, in an incubator (37℃, 97% humidity)

Group 2/RT Conventional color pigments and 0.2 wt% thermochromic pigment In darkness, at room temperature

Group 2/37℃ Conventional color pigments and 0.2 wt% thermochromic pigment In darkness, in an incubator (37℃, 97% humidity)

Group 3/RT Conventional color pigments and 0.6 wt% thermochromic pigment In darkness, at room temperature

Group 3/37℃ Conventional color pigments and 0.6 wt% thermochromic pigment In darkness, in an incubator (37℃, 97% humidity)

Fig 1.  The division of specimens into groups prior to exposure to artificial aging. Each group consisted of 12 specimens, 
half of the surface was wrapped with aluminium foil to protect the surface from UV irradiation.

Color stability of thermochromic pigment in maxillofacial silicone
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L*a*b* three-dimensional color model system,34 the L* 
parameter stands for the degree of  lightness and darkness 
(0 means ideal black, 100 means ideal white), the a* coordi-
nate stands for red or green chroma : a high +a* value 
means an intense red chroma and a high absolute value of  
-a* means an intense green chroma. Correspondingly, the 
b* coordinate describes a yellow or blue chroma, where a 
high +b* means an intense yellow chroma, and a high abso-
lute value of  -b*means an intense blue chroma. The wave-
length range of  the measured spectrum was 400-700 nm. 
The color change ΔE within groups was calculated using 
the equation: ΔE = ([ΔL*]2 + [Δa*]2 + [ Δb*]2)½.

The changes in L*, a* and b* values during artificial 
aging were statistically analyzed by using repeated measures 
ANOVA and paired samples t-tests. Repeated measures 
ANOVA was used to analyze the differences between 
groups according to storage and concentration of  the ther-
mochromic pigment, and across time points. The two half  
surfaces of  each specimen were compared to each other: 
the half  that was exposed to UV irradiation was compared 
to the covered half  by using paired samples t-tests. 
Distributions of  the changes in L*, a*, and b* values during 
artificial aging were symmetrically distributed in each stor-
age and concentration group. In the repeated measures 
ANOVA, sphericity assumption was violated and ε < 0.75, 
so Greenhouse-Geisser correction was applied. All of  the 
used tests were two-sided, and P values <.05 were consid-
ered to be statistically significant. The data analyses were 
performed with SPSS statistical software (SPSS 19.0; SPSS 
Inc., Chicago, IL, USA).

RESULTS

The color difference, ΔE, comparing the color of  each 
non-irradiated half  of  the maxillofacial silicone elastomer 
specimen to the UV-irradiated half, and the change of  the 
color values L*, a* and b* during the artificial aging pro-
cess, are presented in Table 3, Table 4, Fig. 2A and Fig. 2B.

The results revealed that just one 6 hour cycle of  UV 
irradiation caused considerable color changes in the speci-
mens containing thermochromic pigment. This was dem-
onstrated as high ΔE values in Group 2 and 3 – both in 
those specimens that had been stored at room temperature 
and those stored in an incubator at 37℃. Group 2 present-
ed the mean ΔE values of  4.47 (RT) and 4.94 (incubator), 
respectively, after one cycle of  UV irradiation, while the 
color change in group 3 was as large as 11.98 (RT) and 
12.44 (incubator). In this study, the a* coordinate is the 
most interesting color coordinate, as it describes the red-
ness. 

Statistical analysis revealed that UV irradiation had a sig-
nificant effect (P<.001) on all color values, L*, a* and b*, 
of  the specimens containing thermochromic pigment, 
already after one cycle of  UV irradiation. In the test group 
2/RT the mean a* value of  the UV exposed surfaces 
changed from 7.23 to 11.62 during 37 days. In group 
2/37℃, the a* value changed from 7.24 to 13.88. The cor-

responding a* values in Group 3/RT and Group 3/37℃  
were 14.30 and 14.46. Though, the highest a*values in 
Group 3/RT are seen as soon as on days 3-8 and in group 
1/RT, colored only with conventional pigments, mean a* 
value changed from 3.08 at the baseline to 3.48 at day 46. 
The a* value is shown in Fig. 3. 

After 24 days (11 × 6 hours of  UV irradiation), both 
the ΔE value and a* seemed to cease rising in the speci-
mens containing 0.2 wt% thermochromic pigment (Group 
2). The same trend was observed even earlier in Group 3, 
which contained a higher concentration of  thermochromic 
pigment (0.6 wt%): after 4 days the thermochromic pig-
ment seemed to have reached the maximum redness, and 
showed no higher ΔE values after that. The visible color 
changes after 46 days can be seen in Fig. 4. When compar-
ing the groups stored in room temperature with corre-
sponding groups stored in an incubator, it is concluded that 
ΔE, throughout the aging process, is consistently higher in 
the specimens containing thermochromic pigment and 
which were stored in the incubator. When comparing the 
specimens stored in room temperature with those stored in 
an incubator at 37℃ in 97% humidity, the higher a* and b* 
values of  the specimens stored in an incubator were statisti-
cally significant (P<.001) among the specimens containing 
thermochromic pigment.

DISCUSSION

Three groups of  maxillofacial silicone elastomer specimens 
were investigated with respect to the effect of  UV irradia-
tion and storage on the color stability. Three groups of  
specimens were compared: the silicone of  the control 
group was only intrinsically colored with conventional color 
pigments, while the test groups also contained a thermo-
chromic pigment, 0.2 wt% and 0.6 wt% respectively. 
Registration of  the color according to the L*a*b* color sys-
tem showed that the most remarkable color changes during 
the aging process occurred in the a*values, which means 
that the color change of  the UV irradiated specimens con-
taining thermochromic pigment was towards red. The used 
thermochromic pigment changed from colorless at room 
temperature, to red in cold environment. 

The color stability has been thoroughly investigated as a 
part of  the primary physical property studies of  maxillofa-
cial elastomers. Aging and environmental factors cause a 
general degradation of  polymers, color changes of  the sili-
cone elastomer itself, and in some cases, color changes of  
the pigments. The weathering of  polymers can cause 
changes in physical and chemical characteristics, which 
result in alterations in their mechanical properties. For most 
polymeric materials the primary cause of  deterioration is a 
photo-oxidative attack, the combined action of  oxygen and 
sunlight, on their chemical structure.23,29,35 In outdoor expo-
sure experiments, the degradation of  polymers is not always 
explained on the basis of  meteorological data on factors 
that are generally held responsible for polymer degradation 
(solar radiation, temperature and moisture). There are dif-

J Adv Prosthodont 2013;5:75-83



The Journal of Advanced Prosthodontics    79

Table 3.  The mean color values of the maxillofacial silicone elastomer specimens after artificial aging

Days
Group 1/

P value
Group 1/

P value
Group 2/

P value
Group 2/

P value
Group 3/

P value
Group 3/

P value
RT +37℃ RT +37℃ RT +37℃

a* 1
3.08 
(0.12)

.737
3.14 
(0.17)

.842
7.23 
(0.51)

<.001
7.24 
(0.90)

<.001
14.30 
(0.62)

<.001
14.39 
(0.56)

<.001

2
3.02 
(0.13)

.080
3.15 
(0.19)

.571
8.62 
(0.47)

<.001
9.05 
(0.92)

<.001
16.24 
(0.52)

<.001
16.63 
(0.39)

<.001

3
2.93 
(0.30)

.575
3.10 
(0.15)

.649
10.19 
(0.37)

<.001
10.84 
(0.51)

<.001
16.95 
(0.77)

<.001
17.86 
(0.42)

<.001

4
3.09 
(0.11)

.210
3.28 
(0.20)

.400
10.77 
(0.33)

<.001
11.60 
(0.23)

<.001
17.17 
(0.60)

<.001
18.45 
(0.21)

<.001

8
3.10 
(0.22)

.302
3.28 
(0.20)

.748
11.24 
(0.24)

<.001
12.42 
(0.30)

<.001
17.18 
(0.18)

<.001
18.62 
(0.28)

<.001

24
3.25 
(0.11)

.005
3.45 
(0.19)

.080
11.84 
(0.58)

<.001
13.61 
(0.38)

<.001
15.53 
(0.59)

<.001
18.44 
(0.23)

<.001

29
3.16 
(0.17)

.179
3.46 
(0.24)

.168
11.57 
(0.51)

<.001
13.57 
(0.33)

<.001
14.95 
(0.59)

<.001
18.21 
(0.39)

<.001

38
3.48 
(0.14)

.017
3.56 
(0.25)

.164
11.63 
(0.65)

<.001
13.88 
(0.39)

<.001
14.46 
(0.56)

<.001
17.25 
(0.45)

<.001

b* 1
3.76 
(0.23)

.024
3.72 
(0.21)

.138
5.91 
(0.16)

<.001
5.95 
(0.32)

<.001
9.76 
(0.49)

<.001
9.87 
(0.46)

<.001

2
3.86 
(0.21)

.615
3.82 
(0.23)

.519
6.46 
(0.27)

<.001
6.80 
(0.38)

<.001
11.06 
(0.44)

<.001
11.35 
(0.26)

<.001

3
3.56 
(0.45)

.418
3.83 
(0.28)

.192
7.27 
(0.21)

<.001
7.62 
(0.29)

<.001
11.96 
(0.69)

<.001
12.52 

(0.41)
<.001

4
3.77 
(0.32)

.222
3.90 
(0.21)

.677
7.70 
(0.20)

<.001
8.04 
(0.31)

<.001
12.58 
(0.62)

<.001
13.11 
(0.30)

<.001

8
3.84 
(0.43)

.457
4.04 
(0.23)

.218
7.98 
(0.18)

<.001
8.67 
(0.15)

<.001
13.02 
(0.32)

<.001
13.54 
(0.34)

<.001

24
4.06 
(0.23)

.207
4.23 
(0.24)

.088
8.89 
(0.07)

<.001
9.94 
(0.13)

<.001
13.39 
(0.62)

<.001
14.73 
(0.24)

<.001

29
4.15 
(0.14)

.001
4.43 
(0.30)

.099
8.95 
(0.26)

<.001
10.44 
(0.23)

<.001
13.47 
(0.33)

<.001
15.02 
(0.12)

<.001

38
4.26 
(0.20)

.015
4.45 
(0.27)

.028
9.59 
(0.22)

<.001
11.04 
(0.36)

<.001
14.24 
(0.35)

<.001
15.04 
(0.36)

<.001

L* 1
56.50 
(1.61)

.981
56.08 
(0.25)

.215
55.80 
(0.65)

<.001
55.66 
(1.65)

<.001
54.60 
(0.85)

<.001
54.43 
(0.64)

<.001

2
56.47 
(1.57)

.843
55.71 
(0.21)

.864
55.15 
(0.71)

<.001
54.61 
(1.64)

<.001
53.04 
(0.60)

<.001
52.82 
(0.55)

<.001

3
56.23
(1.16)

.908
55.67 
(0.23)

.649
54.22 
(0.50)

<.001
53.66 
(1.40)

<.001
56.26 
(0.64)

<.001
51.74 
(0.45)

<.001

4
56.46
(1.44)

.596
55.64 
(0.31)

.934
53.93 
(0.52)

<.001
53.25 
(1.34)

<.001
51.89 
(0.45)

<.001
50.75 
(0.43)

<.001

8
56.70
(2.17)

.474
55.50 
(0.20)

.923
53.70 
(0.56)

<.001
52.61 
(1.22)

<.001
51.77 
(0.58)

<.001
50.16 
(0.37)

<001

24
56.59
(1.59)

.585
55.63 
(0.24)

.226
53.33 
(0.67)

<.001
51.56 
(1.12)

<.001
51.27 
(0.60)

<.001
48.56 
(0.35)

<.001

29
56.86 
(1.83)

.151
55.43 
(0.25)

.507
53.06 
(0.47)

<.001
51.50 
(1.30)

<.001
51.37 
(0.43)

<.001
48.22 
(0.46)

<.001

38
56.28 
(1.57)

.030
55.93 
(0.30)

.108
52.70 
(0.79)

<.001
51.31 
(1.15)

<.001
50.97 
(0.59)

<.001
48.31 
(0.54)

<.001

Color stability of thermochromic pigment in maxillofacial silicone
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Table 4.  The ΔE values of the maxillofacial silicone elastomer specimens after artificial aging. ΔE describes the color 
difference between the UV irradiated and non-irradiated surfaces of each specimen, presented as  the mean value of all 
the specimens

Days Group 1/RT Group 1/+37℃ Group 2/RT Group 2/+37℃ Group 3/RT Group 3/+37℃

1 0.17 0.55 4.47 4.94 11.98 12.44

2 0.14 0.10 6.12 6.90 14.77 15.16

3 0.15 0.20 8.18 8.88 16.04 17.13

4 0.19 0.11 8.63 9.82 16.60 18.16

8 0.60 0.11 9.48 10.84 16.97 18.52

24 0.27 0.35 9.88 12.38 16.12 19.20

29 0.42 0.32 10.05 12.60 15.50 19.14

38 0.54 0.55 9.88 12.75 15.01 18.38

J Adv Prosthodont 2013;5:75-83

Fig. 2.  A: Color change in L*, a* and b* values after exposure to UV irradiation, B: The overall color change of 
the specimens, ΔE, after exposure to UV irradiation.

A

B
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ferences in weathering test results at different geographical 
locations, even though the meteorological data seems to be 
the same. The constituents of  the atmosphere, such as sul-
phur dioxide, nitrogen oxide and ozone or rain and/or 
wind may also alter the photo-oxidative process.

In this study, the artificial, accelerated aging was repre-
sented by UV irradiation, a raised temperature (+37℃) and 
97% humidity. As each specimen was divided into one half  
that was not exposed to UV irradiation, and the environ-
mental circumstances remained the same, the effect of  the 
UV irradiation alone was seen.36 According to the manufac-
turer, the pigment should be sensitive to UV irradiation, 
but - surprisingly - the color change was observed as early 
as after just one 6 hours period of  UV exposure. That 
means that the thermochromic pigment was extremely sen-
sitive to UV irradiation. The color change after one cycle 
of  UV irradiation was remarkable. Even if  the artificial UV 
exposure does not correspond to 6 hours of  exposure to 
natural sunlight, we can draw the conclusion that the ther-
mochromic pigment is extremely sensitive to UV irradiation. 

The color change of  the conventional pigments that are 
used in maxillofacial elastomers, has been studied by Beatty 
et al.14,37 They studied how UV irradiation caused color 
changes in a silicone elastomer that was colored with 5 oil 
pigments, which were applied either as base colorants 
(intrinsic) or surface tints (extrinsic). Samples containing oil 
pigments showed susceptibility to UV radiation. After 1,800 
hours of  exposure to UV irradiation, the greatest changes 
occurred for cadmium red, cadmium yellow and yellow 
ochre (7.1 ≤ ΔE ≤ 9.4).The same amount of  UV exposure 
lead to significantly lower color change (maximum ΔE = 

4.2; P≤.05) when the oil pigments were used as surface tints 
in higher concentrations. The authors postulated that either 
a chemical reaction or a chemical incompatibility between 
the pigments and the elastomer was responsible for the 
observed color changes.14

According to Craig et al.,10 accelerated aging of  silicones 
containing pigments of  yellow, orange yellow, white or light 
orange displayed the greatest color changes. Accelerated 
aging leads to fading of  the color.10 Haug et al. concluded 
that the addition of  pigments altered the effect of  weather-
ing on color. Inorganic colorants had the best color stabili-
ty. The addition of  pigments could even have a stabilizing 
effect on the color of  the elastomer. Colorless silicone 
itself, changes color over time, and even without exposure 
to UV irradiation.9 Kiat-amnuay et al.38 studied different dry 
earth pigments in maxillofacial silicone and found that red 
dry earth pigment had poor color stability after exposure to 
microwave energy.

Attempts have been made to protect silicone elastomers 
from color degradation. Lemon et al. investigated the effica-
cy of  UV light absorber (Spectra-sorb UV-5411), a benzo-
triazole compound with a broad range of  UV-absorption 
properties, used in plastics and cosmetics industry, on the 
color stability of  maxillofacial silicone elastomer MDX4-
4210. The silicone elastomer was colored with kaolin (10 
vol%) and oil-base pigments. Spectrophotometric analysis 
was performed before and after artificial weathering in an 
aging chamber, or direct outdoor exposure. The changes in 
ΔE were greater for the artificially aged than for the out-
door-aged samples. The addition of  a UV light absorber 
did not protect the samples from experiencing a change.13 

Fig. 4.  The color change of the UV 
exposed specimens after 46 days.

Color stability of thermochromic pigment in maxillofacial silicone

Fig. 3.  Comparison of the color value a* (red chroma) of the specimens 
at day 1 and day 38 of the study.
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Han et al., tested UV-shielding nano-oxides (TiO2, ZnO, 
CeO2) as opacifiers for silicone A-2186 maxillofacial pros-
theses. After artificial aging the best color stability was 
reached with mixed pigments and 1% nano-CeO2 , and 2% 
and 2,5% nano-TiO2 used as opacifiers. Yellow silicone pig-
ment mixed with all three nano-oxides significantly affected 
the color stability of  A-2186 silicone elastomer.39 In anoth-
er study, dry earth opacifiers artskin white and titanium 
white pigment (10% and 15%) were found to protect maxil-
lofacia l s i l icone A-2000 from color degradat ion. 40  
According to Li et al.41 nanoparticles of  zinc oxide-doped 
ceria (3-5 nm in diameter) displayed excellent UV absorp-
tion and transparency. Fine particles of  titania and zinc 
oxide are effective inorganic sunscreens used in cosmetics. 
They have, however, high refractive indices which make the 
skin look white, and they have a high photocatalytic activity, 
which may oxidize and degrade other ingredients in the for-
mulation. Ceria is relatively transparent to visible light and 
has excellent UV radiation absorption properties, but has 
high catalytic activity for oxidation of  organic materials. 
Doping with zinc oxide resulted in a decrease in the catalyt-
ic activity; it showed excellent UV absorption and transpar-
ency. 

The thermochromic pigment that was used in this study 
has the character of  a leuco dye incorporated in microcap-
sules. According to Lötzsch and Seeboth,42 the light stability 
of  leuco dyes is rather poor. They are sensitive to both visi-
ble and UV light. Particular leuco dye-matrix-stabilizer sys-
tems, which can inhibit the photofading process almost 
completely, have been discovered. However, none of  the 
stabilizer systems has reversible thermochromic proper-
ties.43,44

This is the first study to investigate the effect of  artifi-
cial aging on changes in color values, using thermochromic 
pigment in maxillofacial silicone elastomer MDX4-4210. 
That means that there were no previous results to make a 
power calculation prior to the study. The sample size in this 
study was decided according to convenience and looking at 
the sample sizes in other studies in this field. However, as 
the statistical analyses showed statistically significant p-val-
ues, the sample size should be large enough to draw conclu-
sions about the investigated thermochromic pigment.

A color change corresponding to a ΔE value of  > 1 is 
claimed to be detectable by a trained human eye. Human 
observers judged ΔE ≈ 1 as a color match 50% of  the time 
(ASTM Int. Std practice for calcul. 2011).45 In this study, 
the color changes of  the maxillofacial silicone elastomer 
specimens were even as high as ΔE 18 (Group 3/+37℃) 
after 46 days. The thermochromic pigment concentration 
of  0.2%, which makes a “natural” reddish appearance after 
storage in cold environment,30 shows a ΔE value of  over 4 
even after one 6 hour exposure of  UVA radiation. Even if  
this amount of  UV radiation does not correspond to natu-
ral solar radiation, ΔE value is far too high and the speci-
mens show an extremely high a* value. The thermochromic 
pigment that was tested in this study is not suited to be 
used in maxillofacial prostheses as such, because of  this 

rapid color change after exposure to UV irradiation. The 
idea of  mimicking the redness of  cooled skin of  for 
instance the outer region of  external ear is still worth devel-
oping to make the prosthesis more natural looking. 
External coloration, as suggested by Beatty et al.,14 might be 
a better alternative than the intrinsic coloration technique 
that was used in this study. With an external coloration 
technique, used with suitable and effective UV absorbers, 
and perhaps with leuco dye-matrix-stabilizer systems, it 
might be possible to use thermochromic pigment in maxil-
lofacial silicone elastomer in the future. This would 
enhance the natural appearance and quality of  the facial 
prostheses at least in those countries with pronounced sea-
sonal variations in the climate.

CONCLUSION

The thermochromic pigment used in this study is very sen-
sitive to UV irradiation, and is not suitable, as such, to be 
used in the fabrication of  maxillofacial silicone elastomer 
prostheses.
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