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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 established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

External tooth bleaching products are used in dentistry for changing the colour of natural teeth towards
a lighter or whiter shade. They are applied in the oral cavity directly on the outer surfaces of teeth.

Specific qualitative and quantitative requirements for freedom from biological hazard are not included
in this document. Reference should be made to ISO 10993-1 and ISO 7405 when assessing possible
biological or toxicological hazards.
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INTERNATIONAL STANDARD IS0 28399:2021(E)

Dentistry — External tooth bleaching products

1 Scope

This document specifies the requirements and test methods for external tooth bleaching products.
These products are intended for use in the oral cavity, either by professional application (in-office
tooth_bleaching products) or consumer application (professional or non-professional home use of
tooth bleaching products), or both. It also specifies requirements for their packagingylabelling and
mantyifacturer’s instructions for use.

This|document is not applicable to tooth bleaching products:
— gpecified in ISO 11609;

— itltended to change colour perception of natural teeth by mechanical methods (e.g. stdin removal)
r using restorative approaches, such as veneers or crowns;

— Juxiliary or supplementary materials (e.g. tray materials) and instruments or deviceq (e.g. lights)
that are used in conjunction with the bleaching products.

This|document does not specify biological safety aspects of\tooth bleaching products.
NOTH Maximum concentration of a bleaching agent fo#’professional or non-professional use|is subject to
each fpountry’s regulatory body.

2 Normative references

The following documents are referred totin the text in such a way that some or all of their content
constitutes requirements of this dogument. For dated references, only the edition cited |applies. For
unddted references, the latest edition of the referenced document (including any amendmenpts) applies.

ISO 1042, Laboratory glassware s~ One-mark volumetric flasks

ISO 1942, Dentistry — Voeabulary

[SO 3696, Water for analytical laboratory use — Specification and test methods

ISO §344-1, Coatéd-abrasives — Grain size analysis — Part 1: Grain size distribution test
ISO §601-1, Pate and time — Representations for information interchange — Part 1: Basic rules

ISO 86012, Date and time — Representations for information interchange — Part 2: Extensiops

[SO/CTE T166%-T, Colorimetry — Part 1: CIE standard colorimetric observers

[SO 11664-2, Colorimetry — Part 2: CIE standard illuminants

ANSI/ADA Specification No 41: Recommended Standard Practices for Biological Evaluation of Dental
Materials

3 Terms and definitions

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

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

© IS0 2021 - All rights reserved 1
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[EC Electropedia: available at http://www.electropedia.org/

<natural teeth> removal of intrinsic or acquired discolorations of natural teeth, or changing their colour
towards a lighter or whiter shade using chemicals, sometimes in combination with the application of
auxiliary means

Note 1 to entry: Changing the colour of natural teeth towards a lighter or whiter shade is not limited to changing
a discoloration.

Note 2 to ent

ry: Auxiliary means for bleaching other than the application of external energy are also conceix

able.

[SOURCE: IS

3.2
professiond

0 1942:2009, 2.28, modified — Note 1 to entry and Note 2 to entry have been addéd,]

1] home use

<product> uise prescribed by a professional and for use at home under the repeated supervisi

the dentist

3.3

erosion
<tooth surf
bacterial ac

[SOURCE: IS
deleted and

4 C(Classit

4.1 Gene
External to(
a) profess
b)

NOTE ES
application.

4.2 Prod

These prodi
by dental pr

ace> progressive loss of calcified tissue by chemical ptocesses that do not iny
tion

0 1942:2009, 2.292, modified — the term has been, modified, the admitted term has
a domain has been added.]

fication
ral

th bleaching products can be classified for either:

onal application; or

consumfer application.

icts for professional application

Icts are;tooth bleaching products that are intended by the manufacturer to be applied|
ofessionals (in office tooth bleaching products).

bn of

yolve

been

ternal tooth bleachihg“products can be used alone or in conjunction with auxiliary medns of

only

4.3 Products for consumer application

These products are tooth bleaching products that are intended by the manufacturer to be applied by
the consumer (for professional home use or for non-professional home use).

NOTE
consumers.

Such external bleaching products can be prescribed by a dental professional or directly available to

© ISO 2021 - All rights reserved
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5 Requirements

5.1 Concentration of active ingredients for bleaching

The concentration of active ingredients for bleaching (equivalent to hydrogen peroxide) delivered by
the unexpired product according to manufacturer's instructions for use shall be within the range of
+10 % and -30 % of the original concentration stated by the manufacturer for the unopened product.
Annex A or other equivalent method can be used for testing.

5.2 Surface microhardness

The 1 I not exceed

10 %

eduction in the Knoop hardness (KHN) or Vickers hardness (VHN) after bleaching sha
, when tested in accordance with 6.3.

5.3 | Surface erosion

Surf rd reference

soluf]

ice erosion of the teeth tested shall be less than the level which is causedlby the standa
ion. The method described in Annex B or other equivalent methods-can be used.

6 Measurements and test methods

6.1 | Preparation of tooth specimens

Preppre enamel and dentine specimens taken from a cansistent location on extracted human or bovine

teetH

prop
start

, that have been stored in a neutralized solution that disinfects but does not alter
erties. Grind the specimen surface under a_eonstant flow of water in accordance wi
ing at P400 and sequentially to a minimui’ of P1200 silicon carbide paper in acco

ISO $344-1. Then polish the surface using a-slurry or paste of 0,3 pm mean particle size

oxidd
dehy]

6.2

The

shall
clini
and 1
artif

6.3

. Ensure a minimum of 1 mm thicknessof enamel or dentine tissue for the test specin
dration of test specimens during thé preparation procedure.

Preparation and application of tooth bleaching product

lispensing, processing and application of the tooth bleaching product used in tests (s
follow the manufacturer's instructions for use. The method of bleach application shall
fal procedure in quantity, frequency and duration of the application. Between bleachi
or 24 h after théedast bleach application prior to testing, specimens shall be stored af
cial saliva sphition similar to that described in the ANSI/ADA Specification No. 41.[€]

Surface.microhardness

the physical

th ISO 3696

rdance with
aluminium
hen. Prevent

ce Annex C)
simulate the
hg intervals,
37 °C in an

Evallilate enamel surface microhardness before and after bleaching treatment.

Determine KHN or VHN surface microhardness by applying a load of 0,49 N (equivalent to a 50 g load)
for 15 s. Evaluate a minimum of 10 specimens for each group, with three indentations for each specimen.
Prevent dehydration of test specimens during the specimen preparation procedure.

7 Packaging, marking and information to be supplied by the manufacturer

7.1

General

Additional information may be included at the discretion of the manufacturer or as required by
1SO 22727.

© IS0 2021 - All rights reserved
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7.2 Packaging

The components of the material shall be supplied in properly sealed containers which adequately
protect the contents and do not adversely affect the product quality.

7.3 Marking and instructions for use

For each package, the following applies.

a) Information shall be clearly marked on the outermost package or containers appropriate to the
product, as indicated in Table 1.

b) Instructions shall accompany each package of the product and shall include the infermption
appropiiate to the product, as indicated in Table 1.
Table 1 — Requirements for marking and instructions for use
Outermost Manufactufer’s
No. Information Container | instructigns
package for use
1 |Name|of the product M M M
2 |Identification or name of the manufacturer M M M
3 |Addréss of the manufacturer or the agent responsible for sale M — M
4 |Recommended conditions of storage M — M
5 [Manufacturer's lot number M —
6 Expiry date given in accordance with ISO 8601-1 or M .
ISO 8401-2
Classification of the external tooth bleaching produets
7 M — M
(Clauge 4)
Clinicpl application of the external tooth bleaching products
8 — — M
(Clauge 4)
9 |Numbler of containers M — —
10 |Net mpss of product in each contajner M M —
11 [Chem]cal name of active ingredient(s) M — M
12 |Concentration of active ingredient(s) M M M
13 |Concentration equivalentto hydrogen peroxide M M M
14 |Instryctions for use — — M
Recommended auXiliary device(s), exposure times and
15 |any special instructions for use of the equipment — — M
(for the materials requiring an auxiliary device only)
Specifficcontra-indication(s) and/or warning(s), such as
16 |, 1o, . f . — — M
irritation’, 'avoid contact with eyves', as necessary
17 Statement equivalent to 'It is recommended that you consult o o
with your dental professional before using this product.’
18 |Date of issue or latest revision, if applicable — —
Key
M: mandatory information
—: non-mandatory information

For single use containers, instructions may be labelled on the secondary packaging. The minimum
information on single use containers required are: manufacturer name, trade name, lot number, and

expiry date.

© ISO 2021 - All rights reserved
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A1l
The

thiodulfate titration method.

A2

Perf@rm the test at (23 * 2) °C.

A3
Equ

Use
and

solutjions at concentrations that include the higltest possible H,0, concentration in the t
Add ppproximately 1,0 g (weighing precision~to 0,001 g) of test product or an amount
to thle test, with rapid stirring, to 400 ml distilled water that contains 10 ml of sulfuric
25 m| potassium iodide (10 %), and 4 dreps of ammonium molybdate solution (5 %). Use s

indi

Detefmine the H,0, content usingthe titration calibration curve.

Wheh using standardized titrants (e.g. USP standard grade), construction of a calibration
necepsary. Calculate the niass concentration of H,0, using Formula (A.1):

where
¢ is-the mass concentration of H,0,, expressed as a percentage;
4 is the titre of Q1N saodium fhincnlfnfpl prrpQde in mi”i]ifrpc;

Rep

NOTE

IS0 28399:2021(E)

Annex A
(informative)

Test method for the measurement of hydrogen peroxi
concentration

de

Principle

rontent of hydrogen peroxide (H,0,) in tooth bleaching products is determinéd iising

Test condition

Procedure (modified thiosulfate titration method, USPI7])

iyalent methods can also be used.

gnalytical grade sulfuric acid, potassium iodide, amonium molybdate, sodium thiosu
hydrogen peroxide. Conduct a titration calibration curve using a series of freshly prg

dator, and perform the titration using 0,1 N (normality) sodium thiosulfate.

d=(1,701 18 x V/m)*x Y/0,1 x 100

r a modified

Ifate, starch
tpared H,0,
est product.
appropriate
heid (25 %),
tarch as the

curve is not

(A1)

m is the mass of the test product dispensed, expressed in milligrams;
Y is the accurate concentration of sodium thiosulfate, expressed in mol/litre.

eat the measurement five times (n = 5) and calculate the mean H,0, concentration.

the method is used for testing an unknown active ingredient.

© IS0 2021 - All rights reserved
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Annex B
(informative)

Light microscopy method for measuring erosion of enamel and
dentine caused by external tooth bleaching products

B.1 Prin

The depth
using a light

Test summa
caries and ¢
plastic rod 3
The surface
the fresh en
gel followin
The specim
with ethand
have been r
4 cross-sect
and a digitd
or millimetrn
can be in th
using softw

section fron a specimen slab is averaged to give'the erosion loss for each specimen.

B.2 Test

Perform the

tiple
of erosion of enamel and dentine caused by external tooth bleaching products is‘detern|

microscope.

ry: sound enamel and dentine slabs of approximately 4 mm x 4 mm x 14’ mm are cut
rosion free molars or incisors of human or bovine tooth. These slabs“are mounted
nd the natural surface of the slab is removed by sanding to exposefresh enamel or der
is protected with fingernail polish leaving a 1,0 mm unprotected stripe down the cent
amel or dentine surfaces. The specimens are exposed to the petentially erosive solu
b the manufacturer’s instructions for use or for standardsselutions, for 1 h while stiy
ens are rinsed with distilled water (D-H,0), cleansed 41 mild detergent solution, rj
1, and rinsed again with D-H,0 and visually inspected-to ensure that all product res
emoved. The specimens are then sliced perpendicular to the exposed stripe to yield,
ion slices from each specimen slab. The cross-section slices are mounted on a glass
| image is obtained under microscope. A digital“image of a reference scale such as a
e ruler is also obtained at the same magnification. The reference scale and the cross-se
e same digital image. The digital image forieach cross-section is evaluated for surfacg
hre capable of assessing the gray scale‘values of pixelsl). The surface loss for each ¢

condition

testat (23 £ 2) °C, i.e. ambient temperature.

lined

from
on a
itine.
re of
tion/
ring.
nsed
dues
3 or
slide,
grid
ction
loss
ross-

B.3 Appdratus and materials

B.3.1 Apparatus

B.3.1.1 St¢reo microscope with digital camera, see Figure B.1 b).
B.3.1.2 SlowSpeed-saw;seeHigure B-1a}

B.3.1.3 Sandpaper, 600 carbide grit (1 200 grit EU standards).

B.3.1.4 Disposable beakers, 50 ml.

B.3.1.5 Glass beakers, 100 ml.

1

Image] software methods are described in B.10 as an example. Image] software is freely available and in the

public domain and downloadable from https://imagej.nih.gov/ij/. Image] bundled with Java 1.8.0_112 (64-bit
Java) is available for Windows system and Image] bundled with Java 1.8.0_172 is available for Mac OS X and follow
the installation instructions. This information is given for the convenience of users of this document and does not
constitute endorsement by ISO of this product.

6
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B.3.1.6 Volumetric flask, 100 ml], in accordance with ISO 1042, Class A.

B.3.1.7 Magnetic stir plate and magnetic stir bars.

B.3.1.8 Plastic rods (poly methyl methacrylate), 6 mm diameter x 15 cm length.
B.3.1.9 Grid, of known dimensions or mm scale to 0,5 mm.

B.3.1.10 pH/mV electrometer (pH meter), with a sensitivity of +0,1 mV.

B.3.2 Materials

B.3.32.1 Citric acid monohydrate (C4HgO--H,0).

B.3.3.2 Sodium citrate dihydrate (Na3C;H5;0,-2H,0).

B.3.2.3 Distilled water, in accordance with ISO 3696, Grade 2.
B.3.2.4 Potassium hydroxide (KOH) at 0,1 mol/I.

B.3.2.5 Hydrochloric acid (HCI) at 0,1 mol/I.

B.3.2.6 Ethanol.

B.3.2.7 Teeth (human or bovine; erupted only eizunerupted only, if known) with caries freeland erosion
free surfaces, sufficient amounts of teeth for collecting six 4 mm x 4 mm x 1,4 mm specimgns for each
group, disinfected in storage solution.

B.3.2.8 Fingernail polish, pigmented.
B.3.2.9 Fingernail polish, clear:
B.3.2.10 Cyanoacrylateglue.

B.3.3.11 Detergent.solution, e.g. 1 % sodium lauryl sulfate solution.

© IS0 2021 - All rights reserved 7
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Oy
a) Slow speed saw b) Stereo microscope with %rgj%l camera

NOTE Fqr Figure B.1 a), IsoMet® 10002), Buehler or other equivalent slow speed satS(cLh be used.

&

Figure B.1 — Apparatus for preparing and measuring tlg\}pecimen

<2<§<
N

B.4.1 Negative control (%4}

\
Grade 2 distfilled water (B.3.2.3) as the negative control. $\'

.\@

B.4.2 Pasitive control and standard referenc’(ié(ﬁ‘ution

B.4 Standard reference erosion controls

N~
B.4.2.1 Prepare buffer solutions in a IOO@E{aSS beaker (B.3.1.5) or other suitable container.

B.4.2.2  Veigh powdered citric acid?&n’ohydrate (B.3.2.1) and sodium citrate dihydrate (B.3.2|2) in
separate wejghing dishes; combine c @ Is in a 100 ml volumetric flask (B.3.1.6) and add distilled water
(B.3.2.3) until the meniscus nears the graduation line. See Table B.1.

meter) (B.3.[1.10) and me ile agitating using a magnetic stirrer (B.3.1.7).

B.4.2.3 Determine the &o{? these solutions using a suitably calibrated pH/mV electrometer (pH

B.4.2.4 the p &re than +0,05 units away from the expected pH then adjust the pH accordingly
with 0,1 mol//1 po%s m hydroxide (B.3.2.4) or 0,1 mol/l hydrochloric acid (B.3.2.5) to the expected value.

B.4.2.5 (@diqfil]pd water (R 32 '%) to make up to the final volume of 100 ml

2) IsoMet® 1000 is an example of a suitable product available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of this product.

8 © IS0 2021 - All rights reserved
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Table B.1 — Positive controls and standard reference solution

Solution Percentage of cit- Mass of sodium Mass of citric acid Expected
ric acid citrate dihydrate monohydrate
mass fraction (Na3CgH50,-2H,0) (C¢HgO4-H,0)
% g g pH
Positive control 1,00 0,451 0,766 3,60
Standard 025 0114 0193 368
reference solution ’ ’ ’ ’
B.5 | Specimen preparation
B.5.1 General
Samples of enamel or dentine of 4 mm x 4 mm x 1,4 mm dimension (see Figure B.2) are recommended

for this procedure. Sound enamel specimen may be obtained from, Caries and erosion |[free molars

ori

isors of human or bovine tooth. Dentine specimens may be obtained from incisor, premolar or

molalr roots (just below the dentino-enamel junction). Sample preparation details are presgnted below
orgahized by the specimen source.

B.5.2

B.5.2.1

Figure B.2, key element A).

B.5.3.2

B.5.2.3

B.5.2.4

Set the saw micrometre tozero.

tooth of the root [see Figure B.3-€)].

B.5.2.5

Cutting an enamel slab from molar teeth (see Figure B.2)

Using water cooled diamond waféring blade remove the cusps of the tooth.

Retrieve the“4 mm section of tooth and mount in the clamp such that a smoot

caries free enamel cafrbe sliced off the tooth (see Figure B.2, key element B).

B.5.2.6
micrpmetre tozero.

Mount tooth (B.3.2.7) in a clamp such that the tooth is horizontal in the diamond saw (see

Advance the holder-toward the dentino-enamel junction 4,1 mm and cut off the top of the

h surface of

Align/the sample such that the outer edge of the tooth just touches the wafering hlade, set the

B.5.3.7 Advance the sample 1,4 mm.
B.5.2.8 Cut the enamel away from the tooth, preserving the removed enamel slice.
B.5.2.9 Carefully mount the enamel slice in the clamp (avoiding breaking the sample).

B.5.2.10 Align the sample to remove the tapered edge of the slice and remove the taper [see Figure B.2,
key element C]. Reset the micrometre to zero.

B.5.2.11 Advance the micrometre 4 mm and cut off the enamel slab of the slice.

© IS0 2021 - All rights reserved
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B.5.2.12 Retrieve the 4 mm x 4 mm x 1,4 mm slab and with a pencil place an ‘x’ mark on the inner cut
side of the slab.

-l

Key
4 mm x 4
slicing of

retrieval
Rotate.

e B v v e~ \C R

B.5.3 Cu
B.5.3.1 I
Figure B.3 a

B.5.3.2 4
diamond wa

q

N

B.5.3.3
and using

[Figure B.3 (

1,4 mm thick enamel slabs

. mm x 1,4 mm thick enamel slabs

alignment of tooth to diamond saw

f enamel
of enamel slab

Figure B.2 — Molar enamel slab preparation

tting an enamel slab from incisor teeth (see Figure B.3)

Mount the tooth in a clamp)such that the tooth is perpendicular in the diamond saw

].

\lign the saw blade.Z,1 mm to the right of the centre of the incisor and using water c
fering blade make“a cut through the enamel into the root [see Figure B.3 b)].

et the sawymicrometre to zero, advance the saw blade 4,1 mm to the left of the zero po{
he water-cooled diamond wafering blade make a cut through the enamel into the

).

B.5.3.4
incisal edge

B.5.3.5

10

of the tooth [see Figure B.3 d)]. Set the micrometre to zero.

[see

oled

ition
root

Rotate the incisor such that the tooth is horizontal to the diamond saw blade and remove the

Advance the holder laterally 4,1 mm and cut off the enamel of the root [see Figure B.3 e)].
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B.5.3.6 Retrieve the 4 mm x 4 mm slab and with a pencil place an x’ mark on the inner side of the slab.

a) Mounting the tooth

c) Cutting through the enamel d) Cutting of i@.@ﬁal edge e) Removal of coromnal portion

$ at CE]
.\@

Figure B.3 — Incis@ enamel specimen preparation
O

. . NN L
B.5.4 Cutting the dentine slab ﬂG}n incisor, premolar teeth or molar teeth

B.5.4.1 Mount the tooth 1r@$amp such that the tooth is perpendicular in the diamond saw [see
Figufe B.3 a)].

B.5.4.2  Align the sawblade 2,1 mm to the right of the centre of the tooth. Using water-cooled diamond
wafefing blade makeacut through the enamel into the root [see Figure B.3 b)].

B.5.4.3 e saw micrometre to zero, advance the saw blade 4,1 mm to the left of the Zero position
and usmg?ﬂi]éwater -cooled diamond wafering blade make a cut through the enamel into the root [see

Figure

B.5.4.4 Rotate the tooth such that it is horizontal to the diamond saw blade and remove the coronal
portion of the tooth at the dentino-enamel junction [see Figure B.4 a)]. Set the micrometre to zero.

B.5.4.5  Advance the holder laterally 4 mm and cut through the root to obtain a 4 mm x 4 mm section
[see Figure B.4 b)].

NOTE The root portion of incisor teeth that were sectioned for enamel specimens (B.5.3.5) is used for
dentine specimens.

© IS0 2021 - All rights reserved 11
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a

B.5.5

B.5.5.1 /
of cyanoacry

B.5.5.2
Place the sal

B.5.5.3
fingernail p
this exposed

I

B.5.5.4
enamel/de
across the sl

B.5.5.5

B.5.5.6

Mounting the specimens and exposing fresh enamel or dentine suirfaces

1
iine surface with fingernail polish leaving a straight 1 mm (0,2 mm) stripe unprot

Place the sampleyint distilled water overnight to fully hydrate.

:2021(E)

) Cutting through the root b) Rotation of tooth

Figure B.4 — Dentine specimen preparation

\ttach the enamel/dentine specimen to the end of a plastic red (B.3.1.8) with a small anj
rlate glue (B.3.2.10) such that the natural surface is facingup:

Lompletely cover the sample with fingernail polish, pigmented (B.3.2.8) [see Figure B.
mple in cold water to set the fingernail polish (orlet-t air dry for several hours).

{old the outside surface directly against wét' sandpaper (B.3.1.3) and sand to remov
lish and expose a fresh enamel/dentine-surface [see Figure B.5 b)]. It is important to
surface flat.

ot dry the exposed surface with a paper towel and carefully paint the freshly exp

ab [see Figure B.5 c)].

ount

b a)].

b the
make

osed
bcted

Place the sample in cdld water to set the fingernail polish (or let it air dry for several hoyrs).

12
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B.6.1

Appl
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applications. Q~

B.6.2
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ive control and standard reference solution.

Covering the sample with  b) Sanding the outside surface
fingernail polish of sample

d) Hydrati%’@h distilled water
O

Figure B.5 — Specimen moqngktg, polishing, preparation and erosive challenge

o

I3

Erosion of enamel an@dentine

®)

Application of blegdhing products

.

y the bleaching @uct to the exposed area of the specimens according to the ma
uctions for u terms of preparation of the formulation, application time and

C@ols and standard reference solution treatments

?\

B.6.2

Allocate six enamel and six dentine specimens to each test product and the negative and

hufacturer's
number of

Q) Positive control and standard reference solution treatments

Suspend the sample in 25 ml positive control (1,0 % citric acid), described in B.4.2, with magnetic
stirring for 4 h [see Figure B.5 d)].

Suspend a sample in 25 ml standard reference solution (0,25 % citric acid), described in B.4.2, with
magnetic stirring for 4 h [see Figure B.5 d)].

B.6.2.2 Negative control treatments

Treat the specimens in distilled water (B.3.2.3) with magnetic stirring for 60 min.

© ISO

2021 - All rights reserved
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B.7  Specimen cleaning after the erosion challenge is completed

B.7.1 Cleansing steps

Clean the specimens with the following sequential rinse: a 15-second spray of water, a 10-minute soak in
warm detergent solution (B.3.2.11), a 15-second spray of water, a 15-second spray of ethanol, finishing
with a 15 s spray of water to remove any residue. Inspect the specimen under a stereo microscope to
ensure that all product residue has been removed. Repeat cleansing steps if necessary.

B.7.2 Coating the exposed surface

Blot the exgosed surface dry with a paper towel and coat the exposed surface with fingernailypplish,
clear (B.3.20).

NOTE This protects the surface from chipping while making cross-sections.

Dip the sanpple in ice-cold water for a few minutes to set the fingernail polish (grlet it air dry for
several hours).

B.8 Cutting specimen cross sections

B.8.1 Mounting the specimen in the clamp

Mount the specimen, while still on the plastic rod (B.3.1.8), in thei¢lamp such that the exposed enamel
is perpendidular to the wafering blade [see Figure B.6 a)].

B.8.2 Pgsitioning the specimen

Position the[sample over the wafering blade 1,3 mm from the outer edge of the slab.

B.8.3 Cutting the specimen

Slowly (gently) cut through the enamel slab just into the plastic rod. Carefully avoid chipping or
damaging the sample while cutting.

Advance thg sample 1,3 mm and cut again. Repeat these steps until 3 or 4 sections have been cut [see
Figure B.6 bf)].

B.8.4 Removing the sections

With a razor blade (Safety blade) remove the sections from the plastic rod [see Figure B.¢ c)].
Alternativelly, the samples may be separated from the plastic rod by rotating the rod such that the
diamond wafering.saw is aligned with the bottom of the sample and the sample sections can be cut
from the plgsticholder.

B.8.5 Attaching the sections on the glass slide

Position all sections from a specimen on a glass slide and attach with a small amount of cyanoacrylate
glue (B.3.2.10) on the back side of each section. There should be 3 cross-sections or 4 cross-sections for
each specimen. Keep the slide with the sample sections in a humid container until digital photographs
are taken.
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B.9

B.9.1

Placd
adjug
are v
B.9.1
B.9.1

B.9.1
Figui

B.9.1
B.9.1

B.9.1
Figu

2L) Mounting of specimen b) Cutting of 3 sections or 4 c) Removal of Sﬂlig}ﬂ

e B.7 b)].

sections ’(]/

%)
Figure B.6 — Preparation of cross-sections from specciéh;(?;-

O

Microphotography measurement method \Q)
S
Procedure {(

the slide with enamel cross-sections on a dark bacK ound under the stereo mic
t the position and magnification of the sample such{@a the eroded area and the prot
isible [see Figure B.7 a)].

‘0
1 Use incident lighting (light ring) and m@mize shadows.
D
2 Focus on the top edge of the cros@;ection.

N

3 Capture a digital image e)ﬁgﬁe cross-section with the greatest resolution p|

4 Capture an image(t}@each of the cross-sections at the same magnification.

.5 Record the Q&iﬁcation, TIFF images are preferred.

S

.6 CaptuQQ digital image of the grid or the millimetre ruler at the same magni
re B.7 c)

9:2021(E)

ns from rod

foscope and
ected edges

ossible [see

fication [see

Q?‘

© ISO

a) Stereo microscope b) Digital image of cross-section c) Digital image of mm ruler

Figure B.7 — Sample imaging

2021 - All rights reserved
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B.10 Evaluation using digital imaging software
B.10.1 Set measurement scale

B.10.1.1 Openandload the image of the scale (millimetre ruler or grid) that is at the same magnification
as the samples.

B.10.1.2 Draw a line across the increments of known distance (i.e. tips of the mm marks on the
ruler image). Start on the left side of the first mark and end on the left side of the last mark for greatest
accuracy. See Figure B.8 for an example.

NOTE TlLe line is usually set across a ruler scale of 1 mm (1 000 pm).

a

4 Image)

Magnitying olass (of use “+" and ™" keys) ¢ (@)

a2 Thered|arrow in the figure indicates the button of 'straight line Segment' command to draw afline.

Figure B.8 — Example of the 'straight line segment' comimand button in the main Image] window

B.10.1.3 Input the known distance for the length of the line drawn. Set the parameter of unit of
measurement (or length) as pm.

EXAMPLE When Image] software is used, click"Analyse' and select 'Set Scale... to open the dialogue bpx for
'Set Scale'. Input the numerical values of the known distance and unit of length in the dialogue box and fheck
'Global’, then|click 'OK".

NOTE The upper left corner of theimage will show the dimensions in millimetres.
B.10.2 Sample measurement
B.10.2.1 (Qpen and load’thie image to be used.

B.10.2.2 Retain the calibration for the images.

B.10.2.3 Rotate the image to vertical, if the image of the erosion is not vertical. Input the degrees ¢f the
angle expected to position the image (i.e. 90°) to adjust the degrees needed to make the image vertical.

B.10.2.4 Draw a rectangle on the image according to Figure B.9 (it can only be a vertical shape) that
spans the erosion zone and is aligned with the protected surface of the tooth on the right and the bottom
of the erosion zone on the left and measure the depth of the erosion zone.

B.10.2.5 Record the loss (in um) for each section.

B.10.2.6 Erosion for the specimen is the average of the erosion loss (in pum) of the cross-sections for
each specimen.

NOTE When the dentine specimen is measured, it is essential to label the demineralized area correctly apart
from the protein loss area (i.e. not eroded) by the reviewer.
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EXAMPLE An example of procedures of sample measurement by using the Image] software is as follows:
a) Click 'File' and choose 'Open...' from the scrolling list.
b) Select the file to be used then click 'Open’ to load the image.

c¢) The first time an image is opened after setting the calibration, a dialogue box will appear asking about the
global calibration.

In this case:

d) Uncheck the 'Disable Global Calibration".

e) (Check 'Disable These Messages' and click 'OK' to retain the calibration.

f)  (lick 'Image' and move the cursor to 'Transform' and select 'Rotate..." to rotate the\image to vertical
guch that the erosion zone is vertical as shown in Figure B.9.

g) [Enter 'Angle (degrees)' of the dialogue box to position the image (i.e, 90) without ouching the
enter key”.

h) Adjust the degrees needed to make the image vertical then click 'OK%

i)  Click the 'rectangle shape' button in the second line of command bar to draw a rectgngle on the
image (see yellow box in Figure B.9).

j)  Click 'Analyse’ then choose 'Plot Profile' to generate thé.graph of the gray scale of the s¢lected area.

k) (lick 'List' on the window of the graph. Scroll to thé bottom of the list and record the|last X-value
in the list. This is the width in microns from left\to right of the yellow box, and is the depth of the
grosion.

© IS0 2021 - All rights reserved 17
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Figure B.9 — Example of usage of the Image]J software
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