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Assessment of the Change in Color of Maxillofacial Silicone
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A b s t r ac t
Aim: To evaluate the change in color of the maxillofacial silicone after curing using a mobile phone colorimeter application.
Materials and methods: A two-piece metal mold was fabricated. Twenty five samples were made using M511, maxillofacial silicone. A jig was
prepared to hold the mobile phone at a fix distance from the samples. The color was measured for each sample in terms of HSV (hue, saturation,
value) with the mobile phone colorimeter application after manipulation and after polymerization of the samples. Data were statistically analyzed
using the Student’s paired t test and the software used in the analysis was SPSS 22.0 version.
Results: The mean difference of hue was 1.32 ± 2.71, with p value 0.053. Mean differences in saturation was 0.72 ± 2.01, with p value 0.066.
Mean differences in value were 2.16 ± 3.11, with a p value 0.002. The measure of value showed statistically significant differences (p < 0.05).
Conclusion: There was a significant change in the value of the color of the maxillofacial silicone after polymerization.
Clinical significance: Increasing the value of the color by 2–3% at the time of manipulation of the maxillofacial silicone with the use of a mobile
phone colorimeter application can help the clinician to reproduce the same color in the final prosthesis after curing to achieve a predictable
esthetic outcome for a facial prosthesis.
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Prosthetic rehabilitation of esthetic extraoral prosthesis becomes a
more challenging task for a maxillofacial prosthodontist. Matching
the color of the maxillofacial silicone plays a key role in the success
of the extraoral maxillofacial prosthesis. Poorly matched color leads
to psychological distress and poor social acceptance leading to
significant negative effects on the quality of life.1
The medical grade silicone material has become the material
of choice for the facial prosthesis by outstripping the conventional
acrylic resins due to its excellent biological, mechanical, and optic
properties.2
The color matched at the time of packing of the maxillofacial
silicone often surprises the operator after curing. Such situations
lead to an awkward condition for both dentist and patient.
To address this issue, there are many subjective and objective
techniques. To eliminate subjective errors, various types of
equipment such as colorimeter and spectrophotometers are used
for color matching of the prosthesis, which is expensive and is not
widely available.3–5
In this era of recent technology, the use of smartphones has
made the living easier and so is with the prosthodontist to select the
color of the prosthesis. The mobile phone colorimeter application
that is inbuilt in the mobile phones can be used to determine the
color of the maxillofacial silicone.6
This study was designed to measure the change in the degree
of the color of the maxillofacial silicone at the time of packing and
after curing of the maxillofacial silicone material using the mobile
phone colorimeter application.

M at e r ia l s

and

M e t h o d s

A cross-sectional observational study was conducted in a period of 3
months from February 2019 to April 2019 after the ethical clearance
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from the Institutional Ethical Committee (Ref. No. DMIMS(DU)/
IEC/2018-19/7852). Twenty-five samples of the maxillofacial silicone
were fabricated. The sample size was determined by using the
sample size formula with the desired error of margin.

Fabrication of Two-piece Metal Mold
A two-piece metal mold of dimension 12 × 6 cm, with circular slots
in the base mold of 10 mm diameter and 2 mm thickness with a lid
to cover the base mold was cast in stainless steel to fabricate the
samples. Two screws were attached to the lid to approximate the
two pieces of the mold (Fig. 1).

Fabrication of Samples
Twenty five samples were fabricated using M511, maxillofacial
silicone (Technovent Ltd, South Wales, United Kingdom). About
200 g of base and 20 g of catalyst were weighed out on a digital
scale. The material was then mixed in a glass dish with the plastic
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Fig. 1: Two-piece metal mold

Fig. 2: Silicone samples before curing

Fig. 3: Jig

spatula for 2 minutes until a homogeneous mixture was obtained.
Then intrinsic pigment (Cosmesil Pigments, Technovent Ltd, United
Kingdom), umber 0.1 g, ochre 0.1 g, red 0.01 g, and blue 0.01 g were
weighed and mixed to obtain various shades. The silicone was
vacuum mixed for 20 minutes under 30-inch Hg. The silicone mix
was then poured in circular slots of the base mold (Fig. 2).

Fabrication of Jig
A dental surveyor milling machine (Surveyor II—Surveyor/Manual
Milling Machine by Meta Dental Corp. 906-II) was modified by
attaching a mobile selfie stick to form a jig. This jig helped to
stabilize the mobile phone and to standardize the distances
between the phone’s camera lens and silicone samples at 30 mm.
A base mold of the two-piece metal mold was secured on the
cast holder of the jig. The mobile phone selfie stick was positioned
in the handpiece holder slot of the cross arm of the dental surveyor
milling machine and was settled by tightening the thumbscrew.
A mobile phone was put on the mobile holder of the selfie stick.
Distances between the phone’s camera lens and silicone samples
were measured by a vernier caliper and were set at 30 mm by
tightening the thumbscrews (Fig. 3).

Analyzing the Color with the Mobile Phone
Colorimeter Application
The entire assembly that is the jig along with the samples mounted
on it was placed in ambient light to illuminate the samples to

Fig. 4: Mobile phone colorimeter application

be measured. The color was measured for each sample after
manipulation in terms of HSV (hue, saturation, value) by using the
mobile phone colorimeter application (Color Grab version 3.6.1 (C)
2017 Loomatrix Ltd) installed in a smartphone (iPhone 5s; Apple,
Cupertino, CA) (Fig. 4).
After measuring the color, the two-piece metal mold was closed
by placing the lid on it and was clamped under pressure up to 30
psi. The molds were left at room temperature (21–28°C) for the
material to get polymerized for 24 hours.
The polymerized silicone samples were then again evaluated to
measure the change in the color by using the same mobile phone
colorimeter application (Figs 5 and 6).

R e s u lts
The statistical analysis was done by using descriptive and inferential
statistics using the Student’s paired t test and the software used
in the analysis was SPSS 22.0 version and p < 0.05 is considered as
the level of significance.
The mean of hue for samples before curing (pre t/t) is 50.48
and after curing (post t/t) is 49.16. Mean difference is 2.71 ± 1.32,
with p value 0.053, which is not statistically significant (Table 1). The
mean of saturation for samples before curing (pre t/t) is 48.60 and
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Fig. 5: Mobile phone fixed on a jig capturing the color of the silicon
using the colorimeter application

Fig. 6: Cured silicone samples

Table 1: Comparison of hue score before and after curing (treatment) by Student’s paired t test
Pre t/t
Post t/t

Mean
50.48
49.16

n
25
25

Std. deviation
90.67
90.69

Std. error mean
18.13
18.134

Mean difference
2.71 ± 1.32

t value
2.12

p value
0.053, NS

Table 2: Comparison of saturation score before and after curing (treatment) by Student’s paired t test
Pre t/t
Post t/t

Mean
48.60
47.88

n
25
25

Std. deviation
22.70
22.47

Std. error mean
4.54
4.49

Mean difference
2.01 ± 0.72

t value
1.76

p value
0.066, NS

Table 3: Comparison of value score before and after curing (treatment) by Student’s paired t test
Pre t/t
Post t/t

Mean
71.44
73.60

n
25
25

Std. deviation
14.80
15.73

Std. error mean
2.96
3.14

after curing (post t/t) is 47.80. Mean difference is 2.01 ± 0.72, with
p value 0.066, which is not statistically significant (Table 2). The
mean of value for samples before curing (pre t/t) is 71.44 and after
curing (post t/t) is 73.60. Mean difference is 3.11 ± 2.16, with p value
0.002, which is statistically significant (Table 3).

D i s c u s s i o n
An esthetic and agreeable maxillofacial prosthesis palliates the
distresses faced by such compromised patients and helps to
enhance the quality of life.7–9 Matching the color of the maxillofacial
prosthesis with the human skin tone within the threshold of
acceptability is often a significant challenge for a maxillofacial
prosthodontist.10 Recording the exact human skin tone and
replicating it in the prosthesis is hard.
Many techniques have been documented in the literature to
achieve the color matching in the maxillofacial prosthesis. Fine
et al.11 in 1978 recommended different colored rayon flock fibers
for color matching of the facial prosthesis. Hanson et al.12 in 1983
used premixed cosmetic pigments for coloring facial prosthesis.
Ouellette13 in 1969 gave a spraying technique for extrinsic color
characterization to match the facial tone, which allowed a feasible
method for realistically tinting silicone prostheses. Guttal et al.14
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Mean difference
3.11 ± 2.16

t value
3.46

p value
0.002, S

in 2008 developed a shade guide for fabricating facial prosthesis
from silicone for Indian skin color.
In the last few years, mobile phones have become an indelible
part of our life and we are accepting it speedily than any other
technology in modern history. The worldwide population uses
smartphones due to its vast range of applications. Camera phones
that are inbuilt in them feature wide lens apertures leading to best
image quality.
Using a mobile phone colorimeter application to assess the
color of the maxillofacial prosthesis is a simple, inexpensive,
portable device with universal access. It makes use of camera lens,
photosensor, computer software, and visual display to measure
the color.15
Mulcare and Coward16 in 2018 explained the functioning of the
mobile phone colorimeter application and stated that “the RGB
mobile phone colorimeter application is a non-contact measuring
instrument that relies on the ambient light to illuminate the object
being measured. Light reflected from the target passes through the
mobile phone’s camera lens onto the photosensor, which breaks
the light up into millions of pixels containing the raw color data.
The colorimeter application software transforms this color data into
device-independent coordinates, which it displays on the device’s
screen in various formats.”
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Colorimetric data are present within the image, and the color
computation is not device-based, so color can be determined
using a variety of different mobile phones available in the market
with different megapixels of the camera, which is an additional
advantage of using the mobile phone colorimeter application for
determining the color.
Currently, there is not much evidence in the literature regarding
the use of mobile phone colorimeter applications in the field of
maxillofacial prosthetics. Mulcare and Coward16 carried out a study
to find the suitability of a mobile phone colorimeter application in
determining the skin color for fabricating a maxillofacial prosthesis.
He concluded that color measured with a mobile phone colorimeter
application falls within the documented threshold of acceptability
of color differences and hence can be a reliable aid in color matching
of the prosthesis made from the silicone.
It has been well documented by the maxillofacial prosthodontist
that during the setting of the silicone, it changes the color. Beatty
et al.17 in 1992 found that the early change in color of the silicone
prosthesis is due to degradation of some ultraviolet lightsusceptible pigments, whereas in long term the color change is
due to changes within the silicon material. Andres et al.18 reported
that all silicone materials show changes in the optical properties
after exposure to environmental variables. Lemon et al.19 concluded
from his study that the change in color of the facial silicone is
greater in artificial aging than outdoor aging. Kheur et al. found
that the addition of the UV stabilizer reduced the color change
of the pigmented elastomer.20,21 Sethi et al.22 in 2015 proved that
investing materials and separating media have an effect on the
color of the silicon during the polymerization process. This effect is
particularly more pronounced when the pigment loading in the mix
is higher, as is the case when prostheses are made for individuals
with darker skin tones. The exact reason for this has not singled out
yet and can be hypothesized that this is due to the heat applied
during the curing process or due to the chemicals that leach at the
time of polymerization.
This study was designed to determine the change in the
color of the maxillofacial silicone after polymerization with the
manipulated unpolymerized silicone in terms of HSV. The iPhone
5s camera was used in the present study as it has an equivalent
horizontal field of view of nearly 29 mm that records much larger
area and eliminates the incidences of recording heterogeneous
skin tones that will produce unreal color values as in contact
colorimeter devices.16
The dental surveyor and milling machine was modified to form
a jig. In this, the mobile selfie sticks were used to stabilize the phone
and to maintain the distance of 30 mm between the samples and
the lenses of the camera.
The factors such as background noise, the focal length of the
camera, and the uniformity of illumination should be considered
while adjusting the distances between the phone lens and the
object to be evaluated. Background noise can be reduced by
decreasing the distances between the lens and samples; at the same
time, the lesser the distances between them more the chances of
losing the focus and obliteration of the light needed for illumination
of the samples to be measured.16
Marshall23 in his study stated that “when obtaining color
measurements with a digital camera, uniformity of illumination of
both the specimen and the sensor plane is important to achieve
correct color reproduction. Complete, even illumination is never
achieved, but variation should be reduced as much as possible.
Uniformity of illumination due to the presence of shadows and glare

from the object’s surface can be affected by the distance between
the camera and target.”
Mulcare and Coward16 analyzed the distance between the
camera lens and the target, for the trueness and precision of the
CIE L*a*b* and delta E values, using the mobile phone application.
They suggested that the mobile phone must be held at a distance
of more than 25 mm to obtain a true color measurement.
CIE L*a*b* and HSV are the two often used color spaces. Bora
et al.24 in 2015 have performed a comparative analysis between
CIE L*a*b* and HSV color spaces to analyze their performance with
respect to color image segmentation. The study results showed
that HSV color space performs better than CIE L*a*b* color space.
This particular application Color Grab version 3.6.1 (C) 2017
Loomatrix Ltd was selected over all the other available colorimeter
applications as it gives measures in term of HSV that helped to
determine which parameter of the color is mainly affected leading
to noticeable color change in the cured silicone.
The results of this study indicate that there was a definite
change in the color of the silicone following curing. Hue and
saturation of the samples showed a decrease in the measures but
were not significant. On the other side, measure of the value was
increased that means the shade that was manipulated showed a
decrease in the brightness.
To make these statistically significant measures of value
insignificant visually, the value can be increased by 2–3% at the
time of manipulation. Even if this 2–3% of mean differences lies in
the threshold of acceptability, to enhance the esthetic acceptability,
these differences can be incorporated at the time of pigment
loading during manipulation.
Less sample size and the color matching not done on the
patients with different skin tones especially darker skin tone in
which significant effect on the color change of the silicone during its
curing is observed remains to be the limitations of this study. Further
studies are required to control the variables such as background
noise (it is an electronic noise considered to be an undesirable
by-product that is produced by the sensor and scanner in the form
of shot noise at the time of image capture that obscures the desired
information of the optical properties of the object), uniformity
of illumination, and exact distance between the phone lens and
target to be evaluated for color matching. Also, a study can be
planned to evaluate the minimal requirement of the pixel of a color
image to analyze the properties of this color space along with the
visual perception of the variation in measures of HSV.

C o n c lu s i o n
This study has been undertaken to estimate the change in color
of the maxillofacial silicone after curing of that of the manipulated
mix in terms of HSV with the use of a mobile phone colorimeter
application.
The following conclusions can be drawn from the present study:
•
•
•
•
•

There was significant color change happening during
polymerization of the silicone, pronounced when the pigment
loading in the mix is higher.
The measures of hue for the samples did not show statistically
significant changes.
The measures of saturation for the samples did not show
statistically significant changes.
The measures of value for the samples showed statistically
significant changes.
The mean differences for the value was 2–3%.
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And hence it was be concluded that incorporation of this
difference of 2–3% in value at the time of manipulation can help to
achieve the expected esthetic results for a facial prosthesis.
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