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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. This document includes requirements and test methods for products intended for external
bleaching of natural teeth by chemical means.

Specific qualitative and quantitative requirements for freedom from biological hazard are not included
in this document. It is recommended, that reference should be made to ISO 10993-1 and ISO 7405 when
assessing possible biological or toxicological hazards.

© IS0 2020 - All rights reserved v
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INTERNATIONAL STANDARD IS0 28399:2020(E)

Dentistry — External tooth bleaching products

1 Scope

This document specifies 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 packaginglabelling 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 4405, Dentistry — Evaluation of biocompatibility of medical devices used in dentistry

ISO 86011} Date and time — Representations for information interchange — Part 1: Basic rules

ISO 8601-Z, Date and time — Representations jor Information interchange — Part Z: Extensions

[SO 10993-1, Biological evaluation of medical devices — Part 1: Evaluation and testing within a risk
management process

[SO 11664-1:2007, Colorimetry — Part 1: CIE standard colorimetric observers
[SO 11664-2:2007, Colorimetry — Part 2: CIE standard illuminants

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

© IS0 2020 - All rights reserved 1
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3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 1942 and the following apply.
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

— IEC Electropedia: available at http://www.electropedia.org/

3.1

bleaching
<natural tejth> removal of intrinsic or acquired discolorations of natural teeth, or changing theircplour
towards a lighter or whiter shade using chemicals, sometimes in combination with the applicatipn of
auxiliary m¢ans

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

Note 2 to ently: Auxiliary means for bleaching other than the application of external enérgy are also conceiyable.
[SOURCE: IS0 1942:2009, 2.28, modified — Note 1 and Note 2 to entry have beén added.]

3.2
professional home use
<of a produ¢t> use prescribed by a professional and for use at home under the repeated supervisipn of
the dentist

3.3

erosion
<of tooth sphrface> progressive loss of calcified tissiie” by chemical processes that do not inyolve
bacterial acfion

[SOURCE: IS0 1942:2009, 2.292, modified — terims have been modified and a domain has been added.]

4 Classification

4.1 General
External toqth bleaching preducts can be classified for either:
a) professjonal application; or

b) consumler application.

NOTE Exterhal tooth bleaching products can be used alone or in conjunction with auxiliary meahns of
application. 1

4.2 Products for professional application

These products are tooth bleaching products that are intended by the manufacturer to be applied only
by dental professionals (in office tooth bleaching products).

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

2 © IS0 2020 - 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 feduction in the Knoop hardness (KHN) or Vickers hardness (VHN) after bleaching shall not exceed
10 %, when tested in accordance with 6.3.

5.3 | Surface erosion

Surface erosion of the teeth tested shall be less than the level which is causediby the standafd reference
solution. 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), that have been stored in a neutralized solution that disinfects but does not alter the physical
propgrties. Grind the specimen surface under a_eonstant flow of water in accordance with ISO 3696
startling at P400 and sequentially to a minimur of P1200 silicon carbide paper in accofdance with

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[4],

Surface.microhardness

Evallilate enamel surface microhardness before and after bleaching treatment.

aluminium
hen. Prevent

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

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
regulation in accordance with ISO 22727.

© ISO
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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 | instructipns
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 —
Expiry date given in accordance with ISO 8601-1 or ISO
6 M —
8601-p
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 auXilary device(s), exposure times and any
15 [specidl instructions for use of the equipment (for the mate- — — M
rials 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.

4 © IS0 2020 - All rights reserved
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A.1 | Principle

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 28399:2020(E)

Annex A
(informative)

Test method for the measurement of hydrogen peroxi
concentration

de

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

Test condition

Procedure (modified thiosulfate titration method, USPI5])

iyalent methods can also be used.

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 18x V/m);x Y/0,1 x 100

r a modified

analytic grade sulfuric acid, potassium iodide, ammonium molybdate, sodium thiosullfate, 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 2020 - 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 Printiple

The depth o

using a lightf microscope.

Test summalry: sound enamel and dentine slabs of approximately 4 x 4 x 1,4 mm are-cut from carie

erosion free
the natural

surface of the slab is removed by sanding to expose fresh enameler‘dentine. The su

is protected with fingernail polish leaving a 1,0 mm unprotected stripe déwh the centre of the

enamel or d
manufactur

br’s instructions for use or for standard solutions, 1 h while stirring. The specimen

rinsed with| distilled water (D-H,0), cleansed in mild detergent selution, rinsed with ethanol
rinsed againp with D-H,0 and visually inspected to assure that all preduct residues have been rem

The specim
from each s
obtained un
obtained at
image. The

Fhe same magnification. The reference scale@nd the cross-section can be in the same d

assessing gray scale values of pixelsl. The surfaceldss for each cross-section from a specimen s

averaged to

B.2 Test

Perform the

give the erosion loss for each specinien.

Condition

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

B.3 Appdratus and materials
B.3.1 Apparatus
B.3.1.1 Stereo microscope with digital camera, see Figure B.1 b).

entine surfaces. The specimens are exposed to the potentially ergsive solution/gel follo

erosion of enamel and dentine caused by external tooth bleaching products is‘deternjined

5 and

molars or incisors of human or bovine tooth. These slabs are mounted on a plastic rod and

rface
fresh
wing
5 are
and
bved.

bns are then sliced perpendicular to the exposed stripe to yield 3 or 4 cross-section §lices
pecimen slab. The cross-section slices are mounted on a glass slide, and a digital imdge is
der microscope. A digital image of a reference scale such as a TEM grid or mm ruler if also

gital

ligital image for each cross-section is evaluated for surface loss using software capalle of

ab is

B 3 1 2 Sl hurcnead saw ca
e DW-speeasaws—Sse

P
1
D
q
D
4o
H=

P
-

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 software.

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.3.2.1 Citric acid monohydrate (C;HgO,-H,0).

B.3.3.2 Sodium citrate dihydrate (Na;C,H;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/l.

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

B.3.2.6 Ethanol.

B.3.2.7 Teeth (human or bovine; erupted only or unerupted only, if known) with carjes free and
erosjon free surfaces, sufficient amounts of teeth for collecting six (4 x 4 x 1,4) mm specimens 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 Cyanoacrylate glue.

© IS0 2020 - All rights reserved 7
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B.3.2.11 Detergent solution, e.g. 1 % sodium lauryl sulfate solution.

Key
A slow spe|

ed saw

B stereo miicroscope with digital camera

NOTE Fq

r A), 1 000, Buehler or other equivalent slow speed saws can be used, This information is giv

the conveniefce of users of this document and does not constitute an endorsementby ISO of this product.

B.4 Stang

B.4.1 Neg
Grade 2 dist]

B.4.2 Pos
B.4.2.1 Pr

B.4.2.2 W4
separate we
(B.3.2.3) unt

B.4.2.3 Ds
meter) (B.3)]

B4.24 If

Figure B.1 — Apparatus for preparing and measuring specimen

lard reference erosion controls

ative control

illed water (B.3.2.3) as the negative control.

itive control and standard réeference solution

epare buffer solutions in 2100 ml glass beaker (B.3.1.5) or other suitable container.

pigh powdered citric\a¢id monohydrate (B.3.2.1) and sodium citrate dihydrate (B.3.2
ighing dishes; conibine crystals in a 100 ml volumetric flask (B.3.1.6) and add distilled
il the meniscusmears the graduation line. See Table B.1.

termine¢the pH of these solutions using a suitably calibrated pH/mV electrometer
1.10) and meter while agitating using a magnetic stirrer (B.3.1.7).

bn for

2) in
vater

(pH

the_pH is more than £0,05 units away from the expected pH then adjust the pH accord

ingly

with 0,1 mol/I potassium hydroxide (B.3.2.4) or 0,1 mol/1 hydrochloric acid (B.3.2.5) to the expected value.

B.4.2.5 Add distilled water (B.3.2.3) to make up to the final volume of 100 ml.

Table B.1 — Positive controls and standard reference solution

Solution % Citric acid soﬁigl;df;t{:te m?)i;(l;ihcya(ljcrigte Expected
mass fraction (Na;CzH50,-2H,0) (C¢HgO+-H,0)
% Mass (g) Mass (g) pH
Positive control 1,00 0,451 0,766 3,60

© IS0 2020 - All rights reserved
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. o . Sodium citrate Citric acid Expected
0,
Solution % Citric acid dihydrate monohydrate
mass fraction (NazCgH50,-2H,0) (CcHgO,-H,0)
% Mass (g) Mass (g) pH
Standard rgference 0,25 0,114 0,193 3,68
solution

B.5

Specimen preparation

B.5.

Samples of enamel or dentine of 4 mm x 4 mm x 1,4 mm dimension (see Figure B{2)-are re
for this procedure. Sound enamel specimen may be obtained from caries and’erosion

ori

molar roots (just below the dentino-enamel junction). Sample preparatiomdétails are pres

orga
B.5.]

B.5.2
Figui

B.5.2
B.5.2

B.5.2
of th

B.5.2
free

B.5.2
micr

B.5.2

B.5.2

General

isors of human or bovine tooth. Dentine specimens may be obtainedyfrom incisor,
hized by the specimen source.

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

.1 Mount tooth (B.3.2.7) in a clamp such that the teoth is horizontal in the diamo
eB.2 A)

.2 Using water cooled diamond wafering bladé\remove the cusps of the tooth.
.3 Set the saw micrometre to zero.

4 Advance the holder toward the dentino-enamel junction 4,1 mm and cut the top of
e root (see Figure B.3 E).

.5 Retrieve the 4 mm seetion of tooth and mount in the clamp such that a smooth surf
enamel can be sliced off the-tooth (see Figure B.2 B).

.6 Align the sample such that the outer edge of the tooth just touches the wafering b
bmetre to zero,

.7 Advange the sample 1,4 mm.

.8 £ Gut the enamel away from the tooth, preserving the removed enamel slice.

commended
free molars
premolar or
ented below

nd saw (see

the tooth off

ce of caries

lade, set the

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 C).
Reset the micrometre to zero.

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

© ISO
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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
rotate

4 mm x 4

slicing of

O W > W N R

retrieval

B.5.3 Cut;

B.5.3.1 M
Figure B.3 Al

B.5.3.2 Al
diamond w4

B.5.3.3 Se
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

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

f enamel
of enamel slab

Figure B.2 — Molar enamel’slab preparation

unt the tooth in a clamp such that the tooth is perpendicular in the diamond saw|

(see

gn the saw blade 2,1 mm to the right of the centre of the incisor and using water c¢oled

fering blade make\a‘eut through the enamel into the root (see Figure B.3 B).

[ the saw micrometre to zero, advance the saw blade 4,1 mm to the left of the zero poq
he water<egoled diamond wafering blade make a cut through the enamel into the

).

ition
root

B.5.3.4 Rg

tate the incisor such that the tooth is horizontal to the diamond saw blade and remov

e the

incisal edge

of the tooth (see Figure B.3 D). Set the micrometre to zero.

B.5.3.5 Advance the holder latterly 4,1 mm and cut the enamel off of the root (see Figure B.3 E).

10
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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.

Key

A 1nounting the tooth
B  3gligning the saw
C  dutting through the enamel
D  dutting of incisal edge .\@$
E  1emoval of coronal portion at CE] 3
xO

Figure B.3 —{Eféisor enamel specimen preparation

@)

B.5.4 Cutting the dentine@ from incisor, premolar teeth or molar teeth

B.5.4.1 Mount the toot@n a clamp such that the tooth is perpendicular in the diamond saw (see
Figufe B.3 A). N\

B.5.4.2 Align tlﬁ(s w blade 2,1 mm to the right of the centre of the tooth. Using water cooled diamond
wafefing bla e a cut through the enamel into the root (see Figure B.3 B).

D

B.5.4.3 %t the saw micrometre to zero, advance the saw blade 4,1 mm to the left of the Zero position
and psing the water-cooled diamond wafering blade make a cut through the enamel into the root (see

Figure B.3CJ.

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

B.5.4.5 Advance the holder latterly 4 mm and cut through the root to obtain a 4 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) will be used for
dentine specimens.

© IS0 2020 - All rights reserved 11
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Key
A rotation
B cuttingt

:2020(E)

pf tooth

hrough the root

Figure B.4 — Dentine specimen preparation

B.5.5 Mounting the specimens and exposing fresh enamel or dentine surfaces

B.5.5.1 At
of cyanoacry

B.5.5.2 Completely cover the sample with fingernail polish, pigmented (B.3.2.8) (see Figure B)5 A

Place the sal

B.5.5.3 Hd

fach the enamel/dentine specimen to the end of a plastic rod (B.3.1.8) with a small anj
rlate glue (B.3.2.10) such that the natural surface is facing up.

mple in cold water to set the fingernail polish{or let it air dry for several hours).

Id the outside surface directly against-wet sandpaper (B.3.1.3) and sand to remov

fingernail p¢lish and expose a fresh enamel/dentinie surface (see Figure B.5 B). It is important to

this exposed

B.5.5.4 BI
dentine surf
slab (see Fig

B.5.5.5 Plj

B.5.5.6 PIlj

surface flat.

ace with fingernail polish le¢aving a straight 1 mm (* 0,2 mm) stripe unprotected acrog
ure B.5 C).

\ce the sample inr€old water to set the fingernail polish (or let it air dry for several hour

ice the sample in distilled water overnight to fully hydrate.

ount

(@21

b the
make

bt dry the exposed surface with a paper towel and carefully paint the freshly exposed endmel/

s the

12
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B.5.5.7 Allocate six enamel and six dentine specimens to each test product and the negative and

posit

ive control and standard reference solution.

B.6 | Erosion of enamel and dentine

B.6.1 Application of bleaching products

Apply the bleaching product to the exposed area of the specimens according to the ma
instrjuctions for use in terms of preparatioh of the formulation, application time and
applications.

B.6.2 Controls and standard reference solution treatments

B.6.2.1 Positive control and-standard reference solution treatments

Suspend the sample in/25-ml positive control (1,0 % citric acid), described in B.4.2, wi
stirring for 4 h (see Figure B.5 D).

Susp

B.6.2

hydration in distilled water

overing the sample with fingernail polish

anding the outside surface of sample
traight 1 mm stripe

.2 . Negative control treatments

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

nufacturer's
number of

th magnetic

end the samplevin 25 ml standard reference solution (0,25 % citric acid), described i B.4.2, with
magnetic stircingfor 4 h (see Figure B.5 D).

Treat

Fthe cpnr‘imnnc indistilled water (R 32 '2) with maagnetic stirrin
L HRens-aHsHHed-Water b WAER ahetd )

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 s spray of water, a 10 min soak in warm
detergent solution (B.3.2.11), a 15 s spray of water, a 15 s spray of ethanol, finishing with a 15 s spray of
water to remove any residue. Inspect the specimen under a stereo microscope to assure that all product
residue has been removed. Repeat cleansing steps if necessary.

© ISO

2020 - All rights reserved
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B.7.2 Coa

:2020(E)

ting the exposed surface

Blot the exposed surface dry with a paper towel and coat the exposed surface with fingernail polish,
clear (B.3.2.9).

NOTE

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

Dip the sample in ice cold water for a few minutes to set the fingernail polish (or let it air dry for
several hours).

B.8 Cutti

ng specimen cross sections

B.8.1 Mounting the specimen in the clamp

Mount the s
is perpendid

B.8.2 Pos

Position the

B.8.3 Cut{

pecimen, while still on the plastic rod (B.3.1.8), in the clamp such that the exposed en|
ular to the wafering blade (see Figure B.6 A).

jtioning the specimen

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

[ing the specimen

amel

Slowly (gernftly) cut through the enamel slab just into the plastic rod. Carefully avoid chipping or

(see

6 C).

damaging the sample while cutting.

Advance thg sample 1,3 mm and cut again. Repeat these stéps until 3 or 4 sections have been cut
Figure B.6 B).

B.8.4 Removing the sections

With a razpr blade (safety blade) remove the sections from the plastic rod (see Figure B.
Alternativelly, the samples may be separatéd/from the plastic rod by rotating the rod such that the

diamond w3
from the plg

B.8.5 Attd

Position all
glue (B.3.2.]
Keep the sli

14

ifering saw is aligned with the-bottom of the sample and the sample sections can b
stic holder.

Iching the sectionson the glass slide

cections from a specimen on a glass slide and attach with a small amount of cyanoacr

le with the.sample sections in a humid container until digital photographs are taken.

e cut

ylate

0) on the backside of each section. There should be 3 or 4 cross-sections for each specimen.

© IS0 2020 - All rights reserved
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Key
A mounting of specimen

B qutting of 3 or 4 sections

C 1lemoval of sections from rod

Figure B.6 — Preparation of cross-sections from @cimen
,\\
B.9 | Microphotography measurement method 0<(

B.9.1 Procedure \\

Placg the slide with enamel cross-sections on a da g\@ackground under the stereo mic
h that the eroded area and the protf

adjusgt the position and magnification of the samp
are Vlisible (see Figure B.7 A). @
Q\

B.9.1.1 Use incident lighting (light ring)\in@rnlnlmize shadows.

WO
B.9.1.2 Focus on the top edge of th@ss—section.

Figufe B.7 B). Q
B.9.1.4 Capture an %gg"b for each of the cross-sections at the same magnification.

B.9.1.5 Recor%@reomagnification, TIFF images are preferred.

O
S
?\

2D

B.9.1.3 Capture a digital i@ of the cross-section with the greatest resolution p

foscope and
ected edges

bssible (see

© IS0 2020 - All rights reserved
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B.9.1.6 Capture a digital image of the TEM grid or the mm ruler at the same magnification (see
Figure B.7 C).

Key

A stereo mficroscope

B digital inpage of cross-section %O
C digital inpage of mm ruler Os\\

Figure B.7 — Sample imaging QQ<<

@\

B.10 Evaluyation using digital imaging software \\\

B.10.1 Set measurement scale A\@\$
B.10.1.1 Ogen and load the image of the scale ( ler or TEM grid) that is at the same magnificption

as the samples.

S

B.10.1.2 Drpw a line across the increments of known distance (i.e. tips of the mm marks on the [ruler
image). Stant on the left side of the @mark and end on the left side of the last mark for greatest

accuracy. Seg Figure B.8 for example()
NOTE The line is usually set @s aruler scale of 1 mm (1 000 pm).

_—

o] O |k
ess Anayze Plugins Window Help

gdil _I_J_J_J_J_I_J_J_JﬂlJ_J_J_J_l_J

AN

NOTE The red arrow in the figure indicates the button of 'straight line segment' command to draw a line.

Figure B.8 — Example of the 'straight line segment’' command button in Main ImageJ window

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

EXAMPLE When Image] software is used, click 'Analyze’ and select 'Set Scale...' to open the dialog box for 'Set

Scale'. Input the numerical values of the known distance and unit of length in the dialog box and check 'Global’,
then click 'OK".
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The upper left corner of the image will show the dimensions in mm.

B.10.2 Sample measurement

B.10.

B.10.

2.1 Open and load the image to be used.

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 of the
angle expected to position the image (i.e. 90°) to adjust the degrees needed to make the image vertical.

B.10
span
of th

B.10

B.10
each

NOTH
from

EXAN
'File'
The f]
calibj
retai
to ve
box t
verti
onth
gray
the li
micr

2.4 Draw a rectangle on the image according to Figure B.9 (it can only be a vertical

e erosion zone on the left and measure the depth of the erosion zone.
2.5 Record the loss (in um) for each section.

2.6 Erosion for the specimen is the average of the erosion loss (iff um) of the cross
specimen.

When the dentine specimen is measured, it demands to-abel the demineralized area ca
the protein loss area (i.e. not eroded) by the reviewer.

PLE An example of procedures of sample measurement by using Image] software is as
and choose 'Open...' from the scrolling list. Select thefile to be used then click 'Open' to lo
irst time an image is opened after setting the calibration a dialog box will appear asking abd
ation. In this case, uncheck the 'Disable Global Galibration’, check 'Disable These Messages' an
1 the calibration. Click 'Image' and move the clirsor to 'Transform' and select 'Rotate..."' to rot
Ftical such that the erosion zone is verticalas shown in Figure B.9 A. Enter 'Angle (degrees)’
b position the image (i.e. 90) without touching the “enter key”. Adjust the degrees needed to m§
fal then click 'OK. Click the 'rectangle shape' button in the second line of command bar to dra
b image (see yellow box in Figure BS A). Click 'Analyze’ then choose 'Plot Profile' to generate th
scale of the selected area (see Eigure B.9 B). Click 'List' on the window of the graph. Scroll to {

ns from left to right of the.yellow box and the depth of the erosion.

shape) that

5 the erosion zone and is aligned with the protected surface of the tooth on the right and the bottom

sections for

rrectly apart

follows: Click
d the image.
ut the global
i click 'OK' to
hte the image
of the dialog
tke the image
v a rectangle
b graph of the
he bottom of

5t and record the last X-value inthe list. In Figure B.9 C, the value is 51,916 3 (51,9 pm). This is the number of

© ISO

2020 - All rights reserved
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Figure B.9 — Example of usage of the Image]J software
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