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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 techni

cal

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
electrotechnical standardization.

of

The procddures used to develop this document and those intended for its further maintenance
described|in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed-for
different {ypes of ISO documents should be noted. This document was drafted in accordance jwith
editorial fules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention|is drawn to the possibility that some of the elements of this document maybe the subjecf

list of patent declarations received (see www.iso.org/patents).

name used in this document is information given for the convenience of users and does
an endorsement.

anation on the meaning of ISO specific terms and expressiohsrelated to conformity assessme

ittee responsible for this document is ISO/TC, 106, Dentistry, Subcommittee SC 1, Filling ¢
restorative materials.
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Introduction

This document gives the practical details of the test method for the measurement of the strength of a
dental amalgam by the Hertzian indentation (HIT) method. In this test, the specimen geometry and the
localized application of force leads to radial crack formation at the surface opposite the one to which the
force is applied and under the point at which it is applied. This protocol produces a loading condition
similar to that encountered during normal oral function.

When a requirement is agreed, it is the intention of ISO/TC 106/SC 1 to consider the inclusion of this

te

t prn{‘pdnrp inthe ISO standards for dental nm;\]gam

Thiis method for measuring the strength of a brittle material (and materials that have
plgsticity) can be applied to other dental restorative materials.
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TECHNICAL SPECIFICATION ISO/TS 20746:2016(E)

Dentistry — Determination of the strength of dental
amalgam by the Hertzian indentation strength (HIT)

method

1

Scope
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Th

is document gives the practical details of the test method for the measurement of the'str
htal amalgam by the Hertzian indentation strength test (HIT) method.

s applicable to dental amalgam formed from products that are within the scope of ISO 2
20749.
Normative references

e following documents are referred to in the text in such a waysthat some or all of the

ength of a

4234 and

ir content

copstitutes requirements of this document. For dated references) only the edition cited applies. For

un
IS(
IS(

IS(
stn

IS(
IS(

Fo
I1S(

3.1
de

Hated references, the latest edition of the referenced documeft (including any amendment
6344-1, Coated abrasives — Grain size analysis — Part1:'Grain size distribution test
7488, Dental amalgamators

13565-2, Geometrical Product Specifications (GPS) — Surface texture: Profile method; Surfa
atified functional properties — Part 2: Heighticharacterization using the linear material ratic

13897, Dentistry — Amalgam capsules

24234, Dentistry — Dental amalgajn

Terms and definitions
" the purposes of this dociment, the terms and definitions given in ISO 1942 and the follow
and IEC maintain terminological databases for use in standardization at the following ad

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

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

5) applies.

ces having
curve

ing apply.

resses:

ntal amalgam alloy

all
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(3.2), produces a dental amalgam

3.2
dental mercury
mercury supplied for use in the preparation of dental amalgam
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3.3

pre-capsulated dental amalgam product

dental amalgam product supplied in a sealed capsule that contains measured amounts of dental amalgam
alloy (3.1) powder and dental mercury (3.2) with masses that are appropriate for the production of a
mass of dental amalgam that is considered to be suitable for a single small or medium size restoration
in a single tooth

Note 1 to entry: The dental amalgam alloy powder and dental mercury are separated by a barrier that is broken
immediately prior to mixing to allow their contact. The capsule remains sealed until mixing has been completed.

3.4
dental amalgam alloy tablet
dental amplgam alloy (3.1) powder that has been compressed to form a single entity for the purpgse
of providing a pre-dosed quantity of the alloy that, when mixed with an appropriate mass pf dental
mercury (B.2), produces a mass of dental amalgam that is considered to be suitable for a single small or
medium sjze restoration in a single tooth

Note 1 to eptry: During mixing, the tablet is intended to break apart, forming a fine powder;

3.5
dental mercury sachet
measured quantity of dental mercury (3.2) supplied in a sachet (for use in a reusable mixing capsyle)
in a mass|that, when mixed with an appropriate mass of dental amalgam’ alloy (3.1), produces a mass
of dental amalgam that is considered to be suitable for a single smdlljer medium size restoration ip a
single tooth

Note 1 to ehtry: The sachet is intended to rupture during mixing to allow the dental mercury to come into contjact
with the d¢ntal amalgam alloy.

3.6
top surfafe of the test-piece
surface of the disc shaped test-piece that has been produced by carving back unset amalgam that is
above the|level of the mould until the surface of the test-piece is flat and level with that mould surfade

3.7
test surfdce of the test-piece
surface of the disc-shaped test-piecesthat has been produced by contact with the polished glass plate
when the mixed amalgam is packed.into the mould

3.8
radial cracking
fracture pattern of Hertzian/indentation test-piece disc in which (more or less) planar cracks form algng
radii, norinal to the face-of the disc, thus dissecting it into two or more sectors

EXAMPLE Someg.radial fracture patterns in disc shaped test-pieces are illustrated here.
(X £ O (O

Note 1 to entry: Such radial cracks initiate on the test surface of the test-piece and propagate through the disc to
produce approximately equiangular dissection in most cases.

4 Hertzian indentation strength test (HIT) applied to dental amalgam

This test utilizes a disc-shaped test-piece to which a linearly increasing force is applied through a hard
steel ball sited at the centre of one of the flat faces of the disc. The other face of the disc is in contact
with a smooth substrate that is also disc shaped and thicker than the test-piece. The substrate has a
Young’s modulus value that is of the same order as that of dentine. Fracture is produced by radial cracks
initiating at the surface in contact with the substrate. By having close control of the test-piece, the

2 © IS0 2016 - All rights reserved
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resistance to fracture is quantified by the fracture force. Dental amalgam products are compared using
the values of the fracture force.

A vertical section through the apparatus required for testing is shown in Figure 1.

Dimensions in millimetres

220,00+ 0,01

5,00+0,05

210,0.£0,5

A

Key

1 | universal mechanical testing machine upper compression platen

2 | chrome steel bearing ball

3 | dental amalgam test-piece (see Eigufe 2 for the dimensions and dimensional tolerances for this)
4 | 30 % glass-filled polyamide dis¢

5 | universal mechanical testing‘machine lower compression platen

Figure 1 — Loading arrangement for the Hertzian indentation strength test (HI[T)

5 | Apparatus for the production of test-pieces

5.1 Equipment

5.1.1 Mould, as shown in Figure 2.

5.1.2 Flat square scratch-free polished glass plate with an edge length greater than 30 mm.
5.1.3 Glass microscope slide to provide a straight edge to carve back the dental amalgam.
5.1.4 Hand-instrument for dental amalgam packing.

5.1.5 Dental amalgam mechanical mixer.

© IS0 2016 - All rights reserved 3
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5.2 Specifications for the mould

The mould shall be made of hardened tool steel or hardened stainless steel. The upper and lower
surfaces shall be flat and parallel and have a core roughness depth (Rg) not greater than 6,3 pm when
tested in accordance with ISO 13565-2. The hole shall have a taper of (7 * 2)° to allow the amalgam
disc to be ejected without undue force when this is applied to the face that has the smaller diameter
for the hole. The tapered surface shall be smooth enough not to impede the ejection of the test-piece.
For example, it may be honed to a core roughness depth (Rg) of 6,3 um (when tested in accordance with
ISO 13565-2).

NOTE 1
engraved 1

NOTE 2
with the cq

Figur

hark (set away from the hole can be made on one of the mould faces.
The angle of the taper, (7 £ 2)°, is the included angle. The wall of the mould is at an angle of (3,5 + 1
ntre line.

3,00+ 0,02

<— 2 10,37+0,10

<— 10,00+ 0,01

e 2 — Mould to produce test-pieces for the Hertzian indentation strength test (HIT)

6 Sam

hing

mall

0)°

Dimensions in millimetres

Procure sufficient dental amalgam alloy and dental mercury from single lots that have been produced
for retail. The required mass of dental amalgam alloy will depend upon the dental amalgam alloy:
dental mercury mixing ratio. Depending on the product, a total of the order 3,2 g of mixed amalgam will
be required for each test-piece.

7 Preparation of dental amalgam test-pieces

7.1 Mixing the dental amalgam

Prepare test-pieces at (23 * 2) °C.

4

© ISO 2016 - All rights reserved
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For a dental amalgam alloy product supplied either as tablets or as a free-flowing powder in bulk, the
ratio by mass of the dental amalgam alloy to that of the dental mercury shall be the ratio recommended
by the manufacturer. Use dental mercury sachets that comply with ISO 24234. Use a capsule (with
a pestle, if needed) that complies with Type 2 of ISO 13897. Use any other mixing accessory that is
required, as recommended by the manufacturer. If more than one mix is required to make the test-
piece, produce these mixes simultaneously using equipment of the same type for each mix. However, if
the last mix can be produced within the working time of the first mix, mixing these masses sequentially

on

a single piece of equipment is allowed.

For pre Capsulated products use as many capsules as needed. Mix the contents of the capsules either

Sir
sin

be
mi
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red

capsulated product. Use the dental amalgam mechanical mixer setting~and mixing tin

re
mg

7.2

Pl4
in

NO
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to
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ev
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To
na

ik a mass of the dental amalgam sufficient to make a disc-shaped-test-piece that is 10 mm iy

lulLdllCUubly ualug LllC SdIlIT llulllUCl Ul lJlCLL‘:b Ul cqu1p1ucuL Ul LllC >dllIT L_ypl:', Ul bCLlLlCll
gle piece of equipment. (The latter is allowed, provided the mixing of the last capsule.i§
fore the end of the working time of the first.) If necessary, use only a portion of the.dental
Kk from one of these capsules.

h

ommended for mixing the dental amalgam alloy product with dental mercury or mixin

ommended by the manufacturer of the dental amalgam alloy or pre-capsulated produ
ss of dental amalgam alloy that is being mixed).

1 3 mm high after packing into the mould shown in Figure 2¢
Test-piece production

.1 Packing the mould, removal of the test-piece and inspection for surface defects

ce the steel mould on the glass plate with the side that has the greater diameter for the taj
Contact with the plate.

TE The surface of the glass plate acts a$ a matrix for the test surface of the test-piece.

ck the dental amalgam by hand, 6verfilling slightly. Carve back using the edge of the micros
produce a flat surface (on the dental amalgam) that is level with that of the mould surface.

ow the dental amalgam to_set for 10 min. Carefully eject the test-piece from the mould b}
ht finger-pressure to the-surface of the test-piece that had been carved back (i.e. the “top
ile holding the meuld in the other hand. Check visually that the “test surface” is (
erywhere, other than' possibly at the margin. Use visual inspection without magnification.

king the inspection shall have nominally normal visual acuity. Corrective (non-magnifying
ses may be\worn. If a defect is detected, reject that test-piece and make a replacement.

prevent any damage to the test surface during ejection, placing a thick soft pad (such
bkins) under the mould to “catch” the ejected test-piece is recommended.

s inspection ataprilluminance of at least 1 000 Ix and at a distance not exceeding 250 mm|

ially on a
rompleted
amalgam

a mechanical mixing machine for dental amalgam that complies with-ISO 7488 and that is

o the pre-
e that is
't (for the

diameter

bered hole

cope slide

F applying
surface”),
lefect-free
Carry out
A person
) untinted

as dental

After ejection, do not grind or polish the surfaces of the test-piece.

7.3 Measurement of the test-piece and storage prior to testing

7.3.1 Equipment

7.3.1.1 Micrometre screw gauge (with flat anvils that are at least 6 mm in diameter) or a similar
measuring instrument, to measure the test-piece thickness to an accuracy of 0,01 mm.

NO

TE

7.3.1.2 Air oven or incubator maintained at (37 * 2) °C.

©lI
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7.3.2 General

Measure the thickness of the test-piece to an accuracy of 0,01 mm. Take care not to mark the surfaces
when the test-piece is placed between the anvils of the micrometre and they are closed onto the
surfaces. If the thickness is outside the range (3,00 + 0,01) mm, reject this test-piece and replace it with
another.

After removing the test-piece from the micrometre, inspect the test surface to determine whether it
has been marked during measurement. Carry out this inspection at an illuminance of at least 1 000 1x
and at a distance not exceedlng 250 mm. A person making the 1nspect10n shall have nommally normal
visual acyity- : and
replace thie test—plece.

Immediatgly after this inspection, place the test-piece in an air oven or incubator maiftained| at
(37 £2) °C.

Make 10 tpst-pieces. Store these test-pieces for the specified time period.
NOTE The storage time is not specified in this document. The decision on this will be made when the tegt is
adopted injthe ISO standards on dental amalgam. For any other application, the user canselect a time appropriate
for the inv¢stigation being undertaken.

After the gtorage period, remove the test-pieces from the oven, taking careynot to touch the test surfgce.

Place the fest-pieces with the test surface upwards on a clean and.flat surface. Leave to allow thenq to
equilibrate with the ambient temperature.

8 Testjprocedure
8.1 Apparatus

8.1.1 Be¢aring ball, chrome steel, minimum-Vickers’ hardness 7,0 GPa, polished surface, 20 mm| in
diameter.

8.1.2 Sybstrate disc, dimensions: 10~mm in diameter and 5,00 mm thick. The Young’s modulug of
this disc if (10 + 1) GPa. 30 % glas$-filled polyamide rodd is a suitable material. Lathe-cutting the disc
from suchl a rod is recommended:If necessary, wet-grind the end faces under light pressure on coated
abrasives [(that comply with micro-grit size P1200 in accordance with ISO 6344-1) to remove any lathe
turning mprks.

8.1.3 UIn versal mechanical testing machine with compression testing facility. Load cell capadity
5 kN. Minjmum datadcquisition rate: 100 data points/s.

8.2 Mec¢hanical testing

(20 £ 5) min after a test-piece has been removed from the oven (or incubator), place it centrally with
its test surface downward on the glass-filled polyamide disc (which is placed centrally on the lower
compression platen of the universal mechanical testing machine), i.e. the test surface is to be in contact
with the filled polyamide disc. The steel loading ball is positioned centrally on the upper surface of the
dental amalgam test-piece (see Figure 1).

The designs of mechanical testing machines are various. For this reason, the means by which the ball is
accurately located and fixed to the upper platen (and centred on the test-piece) is not prescribed. Adopt
an appropriate solution. However, the arrangement should have a high axial stiffness.

1) Polyamide - Nylon 6,6 - 30 % glass fibre reinforced — Rod. (PA 6,6 30 %GFR) 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.
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