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Technical note

Metamerism in aesthetic prostheses
under three standard illuminants — TL84, D65 and F
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Abstract

This study looks at the effect of metamerism
in colour-matching and the assessment of multi-
layered silicone rubber finger prostheses. The
aim was to identify the choice of illuminants for
colour matching the prostheses that would give
rise to the least metameric effect between the
prostheses and the human skin or the best colour
match. The prostheses were prepared and colour
matched to a fair-skinned subject under 3
reference illuminants — TL84, D65, IF and a
combination of illuminants — TL8&4, D65 and F.
The prostheses were then measured for colour
using a spectrophotometer based on the CIE
indices L% a* 6% with cach prosthesis asscssed
separately against the subject’s index finger
under the reference illuminants — TLR4, 1265 and
F. The prostheses were also assessed by a panel
of 50 observers and scored according to colour-
match. Colour differences between the skin and
prosthesis were measured in the illuminant
under which the prostheses were prepared and
then under the other reference illuminants, A
relationship was obtained between the measured
meun colour difference, AE* and the mean
visual assessment score for cach prosthesis. This
paper points out the concerns related o the
optical phenomenon of metamerism with the
colour pigments used. This can affect the colour
match of the prosthesis as perceived by the
patient. The lindings seem to suggest that this
metameric colour difference can be minimised it
the prosthesis is matched under a combination of
lights, which were {ound 10 give (he best-
perceived match.
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Introduction

In the restoraton of the upper limbs and
maxillofacial region with acsthetic prostheses,
an accurate colour reproduction is always crucial
to acceptance and use. However, the quality of
the colour match can differ when viewed under
different light sources. Most often a good colour
match between the prosthesis und the skin
obtained under one light source may not have
similar match under a different light source. This
is attributed to the difference tn the pigrents
present in the skin and in the prosthesis. This
optical phenomenon, whereby the rellectance
spectrum of objects with dissimilar pigment
contents changes under different illuminant, is
known as metamerism (Judd and Wyszecki,
1975).

The colour of human skin s mainly
characterised by five pigments interspersed
within its stratified architecture {Anderson and
Parrish; 1981; Williams and Warwick, 1980;
Agache eral., 1989; Leow ef ul.. 1996). They are
melanin  (hrown), melanoid (brown), and
carolene (yellow 10 orange) in the dermis layers,
and the hacmoglobin (purple and bluish-green)
and oxyhaemoglobin in the vascular system.
Prostheses are usually colourcd using synthetic
pigments, When a colour reproduction of a
prosthesis is matched against the skin of the
patient, the prosthetist attempts to adjust the
amount and type of pigments used with the
prosthetic base material until what he sces or, the
reflectance spectrum. is similur 1o that of the
skin. That is, under the illuminating light source,
a colour mulch would be reached when the same
wavelength of light is reflected trom both
matching surfaces. When different illuminants
are used, the same prosthesis and skin surfaces
may give a different reflectance spectrum.







Prosthesis| Type of lighting Mean (SD) L*, a*, b* values Colour pigments used to obtain the L*a.b*
used for under D65 light source values
colour-matching (ml / kg of silicone rubber)
Layer g a* b #1 | #2 | #3 | #4 | #5 | Ho | #7 | #8
| TL84 Quter | 79.00 (0.04) | 9.56 (0.06)[ 2471 (0.1} 5 | 8 | 2 - =-1-=1-= -
(White light) Inner | 56.44 (0.37) [ 12.87 (0.08)| 23.06 (0.09)| 60 | 12 | 5 - | 2 - | - B
2 D65 Quter | 79.00 (0.04) | 9.56 (0.06)| 24.71 (0.11)| 5 2 = _ _ =
(Daylight) Inner | 56.81 (0.09) | 7.91 (0.07)| 2555 (©03)| 50 | - [ = [ 40 | 6 -
3 F Outer | 79.00 (0.04) | 9.56 (0.06)| 24.71 (0.11)| 5 8| 2 -] - - - -
(Yellow light) | Inner | 53.75(0.13) |20.33 (0.04) | 1147 (0.02)| - | = | = | - 3|15 32
4 Combined Outer | 79.00 (0.04) [ 9.56 (0.06)|24.71 (011 5 | &8 | 2 - - =1 = -
(TL84-D65-F) | Inner | 57.98 (0.11) | 12.29 (0.09)| 21.18 (006) | 60 | - | 4 51 -1 - 7 -
Pigment used:
#1 -Basic Medium Brown; #2 —Basic Yellow:
#3 —Master Brown: #4 -Master Yellow;
#5 —Master Blue; #6 —Master Sienna;
#7 —Master White: #8 -Master Red.

Difference in CIE colour
co-ordinates

Attribute characteristics

AL* Increase Darker shade
Decrease Lighter shade

Aa* Increase More red
Decrease More green

Ab* Increase More yellow
Decrease More blue




Assessed under different illuminants

TL84 D65 F

L* a* b* L a* h* L* a* b*

Standard - (subject’s dorsal
skin on the finger)

Prosthesis | (TL84)
Prosthesis 2 (D65)
Prosthesis 3 (F)

Prosthesis 4 (TL84-D65-F)

58.81 14.71 21.78 | 57.83 1090 | 1826 | 60.17 17.25 20.39

57.36 1266 | 21.80 | 56.00 1244 | 19.09 58.55 14.94 2277
aLI? 11,17 | 2189 | 5642 1140 | 19.26 58.87 13.85 22.81
56.49 15.26 18.56 | 55.23 1478 | 1611 5791 17.28 20.28
57.80 1351 2158 | 56.38 1328 | 1885 59.03 15.67 22.76

Indices based on assessment under reference illuminants

Prosthesis prepared under
different illuminants

TL&4 D65 F

AL* | Aa* | Ab* | AE* | AL* | Aa* | Ab* | AE* | AL*| Aa* | Ab* | AE*

Prosthesis 1 (TL84)
Prosthesis 2 (D65)
Prosthesis 3 (F)

Prosthesis 4 (TL84-D65-F)

-1.45 | -2.05 | +0.02| 251 | -1.83 | +1.54| +0.83| 2.53 | -1.62| -2.31 | +2.38| 3.69
<104 | -3.54 [ 40.11| 3.69 | -1.41 | +0.50| +1.00| 1.80 | -1.30| -3.40 | +2.42| 437
-2.32 | +0.55| -3.22( 4.01 | -2.60| +3.88| -2.15| 5.14 [ -2.26/ +0.03| -0.11| 2.26
=101 [ -120 | -0.20 | 1.58 | -1.45| +2.38| +0.59| 258 [ -1.14]| -1.58 | +2.37| 3.07




A A =,
4
Aggregate mean (SD) qualitative score
Prosthesis prepared under Visual assessment of prosthesis under the reference illuminants
TL84 D65 F
1 (TL84) 8.00(SD, 1.11)* 6.20 (SD, 1.74) " 573(SD, 1.81)*
2(D65) 7.03 (SD, 1.58)" 7.55(SD, 141)* 293 (SD. 1.85) "
3B 590(SD, 1.57)" 5.53(SD, 141" 8.05 (SD, 1.18) *
4 (TL84-D65-F) 8.28 (SD. 1.22) 7.33(SD, 1.58)* 6.05(SD. 141)"

The superscript indicates the homogenous subsets (a-¢) from a Scheffe post-hoc multiple range test based on a ANOVA,
F=39.472, p<0.001.
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