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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
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al Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

al Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
task of technical committees is to prepare International Standards. Draft International Standa
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Introduction

The colour appearance of teeth and other dentistry-related tissues needs to be matched and reproduced in
order to achieve acceptable aesthetics in an efficient manner. Three major groups of issues, related to colour
compatibility, colour stability and colour interactions, are identified and considered in this Technical Report.
Interpretation of colour differences associated with these three groups through 50:50 % perceptibility and
acgeptability visual thresholds is suggested. Colour is a psychophysical phenomenon that is assessed by both
vispal and instrumental methods. Other elements of appearance, including gloss and translucehcy, affect
aesgthetics and may influence the characterization of colour appearance.

The International Commission on lllumination (CIE) colour difference formulae and resgurces, in pafticular CIE
Pup No 15.3, were used in this Technical Report.

© 1S0O 2011 — All rights reserved Vv
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TECHNICAL REPORT

ISO/TR 28642:2011(E)

Dentistry — Guidance on colour measurement

1 Seope

Thfs Technical Report identifies three types of topics related to shade conformity and intérconvertibility of
mqgnochromatic and polychromatic tissues and materials related to the discipline of dentistry; itl describes
vispal and instrumental methods for assessment of these topics.

Thls Technical Report suggests interpretation of the findings through colour difference thresholds, and
prqvides guidelines for future standardization related to dental shade conformity.and interconvertibjlity. It also
indudes guidelines related to colour vision of persons undertaking visual colour\assessments and instructions
for|reporting of colour and colour difference assessments.

2 | Normative references

The following referenced documents are indispensable for, the application of this document. |[For dated
references, only the edition cited applies. For undated<references, the latest edition of the feferenced
do¢ument (including any amendments) applies.

ISO 1942, Dentistry —Vocabulary

3 | Terms and definitions

For the purposes of this document, the.terms and definitions given in ISO 1942 and the following apply.

3.1

colour difference

single number or metric expressing the distance from complete match in colour or shade

NQTE 1 A colour distance metric defined by the International Commission on lllumination (CIE) is called ddlta E (AE).
NQTE2  Two fermulae for calculating AE are recommended in this Technical Report: CIE76 (denoted [AE*,,) and
CIEDE2000 (deéroted AE ).

3.2

50150"% perceptibility threshold of colour difference

P

difference in colour that can be detected by 50 % of observers, with the other 50 % of observers noticing no
difference in colour between the compared objects

NOTE A nearly perfect colour match in dentistry is a colour difference at or below the 50:50 % perceptibility threshold.
3.3

50:50 % acceptability threshold of colour difference

AT

difference in colour that is considered acceptable by 50 % of observers, with the other 50 % of observers
replacing or correcting the restoration

© 1S0O 2011 — All rights reserved
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NOTE

3.4

An acceptable colour match in dentistry is a colour difference at or below the 50:50 % acceptability threshold.

colour standards in dentistry
sets of polychromatic or monochromatic samples (tabs, chips, or patches), most frequently made of dental
ceramic or resin (tooth shade guides), or silicone elastomer (skin shade guides in maxillofacial prosthodontics)

NOTE

3.5

The polychromatic and monochromatic samples are fabricated for the purposes of colour matching hard and
soft oral tissues, and human skin (see Reference [2]).

coverage
index that

guide) to €
NOTE
Coverage €

Where n is
The smaller

3.6

tooth whitening

error
describes the minimal colour differences (AE*,;,) between the specimens of one set (e.g.-a shd

ach specimen of another set (e.g. natural teeth)

The coverage error is calculated as the mean AE* i, for all best matches as follows:

Fror = SAE* .: ./n

min
he number of best matches.

the coverage error, the higher the chances of successful shade matching.

de

the

AB
hny

)
=
(2]

change in|tooth colour caused by bleaching or stain-removal agents and manifested by the increase in
value of lightness and the decrease of chroma

3.7

colour shifting

change in perceived colour that is a sum of a blending éffect and an effect of physical translucency

3.71

colour shifting due to blending

change in perceived colour of a material due to'a change in surroundings

NOTE Colour shifting due to blending is*a psycho-physical phenomenon, and is not modelled by the current CIEL
mathematical model; it is an optical illusion — visually perceptible, but not currently quantifiable or measurable by
instrument.

3.7.2

colour shifting due to physical translucency

change in polour of translucent dental restorations caused by surroundings and background (underlying lay
of hard deptal tissueS'or other restorative materials)

3.8

opacity

measure of theabitity of amateriatto btock the passageof fight

NOTE A material with high opacity is one with low translucency/transparency.

3.9

transparency

physical property of allowing the transmission of light through a material

NOTE 1

NOTE 2

A material with high transparency is one with low opacity.

Transparency is the extreme value of high translucency.

© 1S0O 2011 — All rights reserved
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transmitted

NOTE 3 A transparent material allows light to pass through undiminished, while a negligible portion of the
light is scattered.

3.10

translucency

ability of a material to allow light to pass through it

NOTE 1 A material with high translucency is one with low opacity.

NOTE 2  Translucent materials allow light to pass through only diffusely (they cannot be seen through clearly).
3.1

glgss

capacity of a surface to reflect more light in some directions than in others

equal and
or angular

ptometers,
| imaging,

s, spectral

3.12

spgcular gloss

rat|o of flux reflected in the specular direction to incident flux (i.e. the angle of the reflected light is
opposite to the angle of the incident beam) for a specified angle of incidence;, Source, and recep
aperture

NQTE These reflections normally have the highest reflectances (see Refetenees [2] and [3]).

4 | Visual and instrumental colour assessment

4.1 Devices

Frequently used devices for visual and instrumental\colour assessment in dentistry are spectroph
spgctroradiometers, colourimeters, imaging systems for traditional digital imaging and spectrs
vigwing booths, and different types of hand-heldshade matching lights.

Spectral measurement is performed using a spectrophotometer, a device designed to measure spectral
trapsmittance and spectral reflectangefactor of objects. Compared to colorimetric measurement
mgasurements enable more flexible measurements to calculate color differences under arbitrary

an

Sp,
tim

] observers.

cctrometer parameters relevant for dentistry include wavelength range, wavelength resolution,
e and spectral sensitivity. In addition to these parameters, method of measurement, techn

ge
sp

Spectral measurement accuracy can be measured in terms of root mean square error (rms) or|
correlation between spectral data, and other weighted spectral measurements that emphasize the v
thgt are mare relevant for human vision. Having spectral measurements of both reference and test
is possible to calculate how robust is the pair of samples to changes in illumination and observers by
indeXxof metamerism.

bmetry have to be.taken in account when selecting the equipment or designing a system t
ctra.

lluminants

integration
ology and
D measure

degree of
vavelength
samples it
means of

4.2 Setting

Colour assessment requires careful control of factors that affect colour perception and/or measurement. The
following aspects of the test conditions should be specified in reporting visual assessments of colour
appearance.

4.2.1 Illluminant

The characteristics of the light source or sources that illuminate the object of a colour measurement as
specified preferably by the spectral power distribution (SPD) and correlated colour temperature (CCT)

© 1S0O 2011 — All rights reserved
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specified according to 1ISO 11644-2:2007. CIE standard illuminant D65 (representing noon daylight, CCT of
6500 K) with a Colour Rendering Index (CRI) of 90 or greater is recommended for visual colour
measurements in dentistry.

4.2.2 Standard observer

The 2° 1931 standard observer as defined in ISO 11664-1:2007 should be used for teeth and dental
restorations. The 10° 1964 supplementary standard observer, also defined in ISO 11664-1:2007 should be
used for larger measurement areas, such as oral soft tissues and skin.

4.2.3 Gepmetric conditions

The opticdl geometry of a measurement is defined by the angle of illumination and the angle of\view|
relative td the surface of the object. It is expressed as illumination geometry/viewing geométry. (
recommends different types of optical geometries in reflection, including 0°/45°, 45°/0°, d/0° and”0°/d-bas

geometrie
geometrie

4.2.4 Illluminance

The total |
llluminanc

NOTE

4.2.5 Vidual angle of subtensel“!

The visua

observer gs: 20 = 2 arctan (r/d).l4]

NOTE

426 Ba

The background is defined as the surface upon which samples are placed; the environment of the stimul

extending for about 10° from the edge’of the stimulus in all, or most, directions.

4.2.7 Sufround

The surrolind is defined™=as the field outside the background. In practical situations, the surround can
considered to be the~eftire environment in which the stimuli are viewed.[%! The surround should be matte 3
neutral (grey).

428 Ad

b that are most suitable for visual colour assessments in dentistry (where d denotes-diffuse). Opt

Uminous flux incident on a surface is a measure of the intensity,of‘the incident light (lumens/are

An llluminance of 1 000 lux is considered optimal for visual coloUr'assessments.[4]

angle of subtense (26) is calculated from-the size of the object r and its distance d from

In visual assessment, larger sizes increasg visual precision. A visual angle of subtense is not less than 2°.

ckground

b is measured in lux (Ix). The foot-candle is a non-metric unit ofilluminance (used in photography).

ng
CIE
ed
cal

5 that are associated with the use of integrating sphere are related solely’ to instrumental
measurements.

a).

the

us,

be
nd

pitional/other considerations

See Reference [1] for the additional consideration on the topics mentioned in this clause and on other related
topics, such as spectral measurements and calculation algorithms, specular component, metamerism,

whiteness

index, and yellowness index.
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5 Observers

5.1 Evaluation of colour competency of candidate for observer in studies on accep
or perceptibility in dentistry

5.1.1 Ishihara colour blindness test

The Ishihara Colour Blindness Testl®l is a test for red-green colour deficiencies. It consists of a

tability

number of

coloured plates each of which contains a C|rcle made of many dlfferent S|zed dots of sllghtly d|fferent colours,

5.1.2 Farnsworth-Munsell 100 hue test

The Farnsworth Munsell 100 Hue Testl”] has been used for many years as a definitive standard
colour discrimination - the ability to discriminate between various shades of a given colour. TH
determine if the observer is superior, average or poor at discriminating colour.

5.1.3 Test for colour discrimination competence in dentistry

Tept subjects should match pairs of shade guide tabs. One set of tabs should have original marki
holders (such as A1, B1, 1M2, 2M2, or similar) while the original-miarkings of the other set of tabs
coyered with custom letters, numbers or symbols (such as A,8,, 2, or similar). Visual comparis
be|made under the D65 illuminant of a viewing booth (thé.overhead lights should be turned

s-a number.
eral plates.

for testing
e test will

ngs on tab
should be
bns should
ff), at the

distance of 25-33 cm, using 0°/45° or 45°/0°optical geométry! Tabs should be removed from joint tab holders,

pI ced on the floor of the viewing booth and mixed. Aftera perlod of adaptat|on by observing the

5.2.1 General tests

All| potential observers should undergo either Ishihara test — the results should demonstrate nor
visjon), or Farnsworth-Munsell 100 hue test — the results should demonstrate superior or aver
discrimination.

5.2.2 Test forcolour discrimination competency in dentistry

In lorder tonbe considered competent for colour matching in dentistry, an observer should hav
assignedat least 60%, 75% and 85% of the sample pairs presented in the test (see 5.1.3) for poor-
andl sUperior colour discrimination competency, respectively. At least 20 observers with superior- ar

valls of the
bd and one
-day interval

mal colour
hge colour

b correctly
average-,
d average

colour’ discrimination competency should participate in evaluation of perceptibility and accepta

ility visual

judgments in dentistry, including at least 50% of dental professionals. Quality control and other visual colour
evaluations should be performed by at least 3 observers qualified as having superior colour discrimination

competency according to 5.1.2 and 5.1.3.

5.2.3 Testing intervals for qualified observers

The time interval between passing the tests for colour discrimination as described above and the observation

activity should not exceed twelve months.
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6 Testing of acceptability and perceptibility thresholds

Visual assessments of perceptibility and acceptability are performed for research, quality control and related
purposes. Perceptibility judgment studies typically consist of subjects answering the question “Can | see a
difference in colour?” These judgments are associated with detecting just-perceptible differences and they do
not involve any interpretation of their importance.l4l These differences are usually small compared to what
would be considered acceptable colour difference in a given industry. The colour difference acceptability can
be determined by asking an additional question “Is this difference in colour acceptable?” Therefore, colour
tolerance for a certain product is the just-perceptible difference increased by a commercial or aesthetic
factor.[4]

Both visugl and instrumental evaluations are necessary to determine colour difference thresholds in dentigtry
and they ghould be performed in compatible settings. Perceptibility and acceptability visual judgments)should
be performed under both in-vitro conditions and in clinical conditions.

6.1 Matgrials to be tested for perceptibility and acceptability thresholds

Dental resjorative materials are coloured to match a) teeth, b) oral soft tissue and c¢) skin:
6.2 Test methods

6.2.1 Viqual judgments
Devices and settings described in Clause 4 should be used. Visual comparisons should be made in a viewjng

booth withf non-booth lighting turned off, in (simulated) clinical setting, or both, depending on the goal of the
study.

6.2.2 Instrumental evaluation

Devices and settings described in Clause 4 should be-used.

7 Application and interpretation

The following thresholds can be applied to all issues related to quality of colour matching in dentis}ry.
Interpretat|on of the results is based ontests performed using defined conditions and methods.

7.1 Colpur compatibility.

7.1.1 Colour compatibility between dental material and human tissues

If the colourr difference is at or below the perceptibility threshold (PT), it represents a very good match; if :Lhis
difference fis betwyeen PT and acceptability threshold (AT), it represents an acceptable match; if this differefmce
is above the AT it represents an unacceptable match.

7.1.2 Colour compatibility between dental materials

If a colour difference between nominally equivalent shades of similar dental materials/shade tabs made by the
same or a different manufacturer is at or below PT, it represents a very good colour compatibility; if it is
between PT and AT, it represents an acceptable compatibility; if it is greater than AT, it represents an
unacceptable compatibility.

6 © 1SO 2011 — All rights reserved
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7.1.3 Coverage error of dental shade guides
If the coverage error of dental shade guide is at or below the AT, it represents an excellent product; if the

coverage error is between AT and AT + 2.0 AE*,BLI10I1] it represents an acceptable product; if the
coverage error is higher than AT + 2.0 AE*,,, it represents an unacceptable product.

7.2 Colour stability

7.2.1 Colour stability during fabrication/at placement

If the colour difference during fabrication (firing, glazing, polymerization, or other types of prepare{ation) or at
placement is at or below the PT, it represents an excellent colour stability; if this difference is-betwgen the PT
and AT, it represents an acceptable colour stability; if this difference is above the AT()it-repfesents an
ung@cceptable colour stability.

7.4.2 Colour stability after aging and staining(8!

If the colour difference measured before and after aging or staining is at or{below the PT, it repfesents an
exgellent match; if this difference is between the PT and AT, it represéents an acceptable match; if this
difference is above the AT, it represents an unacceptable match.

7.3 Colour interactions

7.3.1 Colour shifting of aesthetic restorative materials[12l.[13]

Colour shifting of aesthetic restorative materials is the change in perceived colour that is a sum of the blending
effect (not-measurable by any instrument, optical illasion) and the effect of physical translucengy. For the
purpose of this report and corresponding comparisons the colour difference between two ohjects, one
sufrounded with another or in edge-contact shouldbe between AE*,,=2.0 and AE*,,=5.0.

Viqual assessment: If the perceived colour difference between tested material and anothgr material
sufrounding it receives a grade that is.20% higher on 1-to-5 scale (1. mismatch/totally unacceptaljle; 2. poor
mgtch/hardly acceptable; 3. good match/acceptable; 4. very good match/small difference; ang 5. exact
mdtch/no difference in color) compared to the grade received when they are viewed in isolation, the material
exhibits low colour shifting poténtial; if this increase is in grade is 20-50%, the material exhibit§ moderate
colour shifting potential; if the-increase is above the 50%, the material exhibits pronounced colgur shifting
pofential.

Ingtrumental measurements: If colour difference between tested material and another material surrounding it
deg¢rease up to 15% compared to the measurement of specimens of test material (without the second
mdterial), the miaterial exhibits low colour shifting potential; if this decrease is between 15-25%, the material
exhibits moderate colour shifting potential; if this decrease is greater than 25%, the materigl exhibits
prgnounced.colour shifting potential.

7.3.2_, Masking potential of opaque materials

If the translucency parameter (colour difference between the same specimen measured against white and
black background) of 1-mm thick opaque composite resin('4l and 0.3 mm-thick opaque porcelainl151.[16] is at or
below PT, it represents an excellent masking potential; if this difference is between PT and AT, it represents
an acceptable masking potential; if this difference is above AT, it represents an unacceptable masking
potential.

8 Reporting of colour and colour difference assessment!'71.18]

When applicable, a report of a colour assessment should contain or refer to the following details:

© 1S0O 2011 — All rights reserved 7
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8.1 llluminant

a) type

b) manufacturer

c) spectral power distribution

d) correlated colour temperature

e) colounrendering-index

f)  illumigant geometry

g) illuminance

8.2 Object

a) type df object (tooth, soft tissue, dental material)

b) type df colouration (monochromatic or with colour transition

Cc) size

d) placement of standard and trial when comparing colour (side by:side or other placement)
e) standard distribution, usage, storage, maintenance, and replacement (shade guides and other standards)

8.3 Observer/Instrument

8.3.1 Obsserver

a)
b)
c)
d)
e)

f)

number of observers

colourl competency

viewirlg geometry

distance from object to detector or observer
visuallangle of subténse of the object

coloun of background and surround

8.3.2 Ins1trument

a)
b)
c)
d)
e)

f)

type (spectrophotometer, spectroradiometer, colourimeter, imaging system)
manufacturer

model number

instrument number

instrument accuracy and precision

measurement mode: reflectance or transmittance
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