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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
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Introduction

Due to the general applicability of in vitro tests for antibacterial activity and their widespread use in
evaluating a large range of dental materials, it is the purpose of this document to define a scheme for
testing which requires decisions to be made in a series of steps rather than to specify a single test. This
should lead to the selection of the most appropriate test for a respective dental material to be evaluated.

Two ¢

ategories of test are listed: extract test and direct contact test.

The choice of one or more of these categories depends upon the nature of the material to be evaluated,
the potential site of use and the nature of the use of the respective material. Extract tests are primarily
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INTE

RNATIONAL STANDARD ISO 3990:2023(E)

Dentistry — Evaluation of antibacterial activity of dental
restorative materials, luting materials, fissure sealants and
orthodontic bonding or luting materials

1 S

cope

This [document specifies test methods for the evaluation of dental restorative mat
materials, fissure sealants and orthodontic bonding or luting materials that are_€laif
respective manufacturers to exert “antibacterial” effects.

erials, luting
ned by their

re not covered

NOTE Materials for pulp capping (e.g. calcium hydroxide formulations), endodonti¢)filling mafterials, dental
implahts or implant systems, nightguards and additive manufactured (e.g. 3D-printed}-materials a
in thi§ document.

This document does not cover tests on the effectiveness of sterilization oi"disinfection pro
document cannot be used to demonstrate a lack of microbial contamination of medical de

denti

2 N

The f
const|
undat

ISO1
ISO 4

ISO 6
Micro

[SO 71
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[SO1

BLry.

ormative references

bllowing documents are referred to in the text'in such a way that some or all of
tutes requirements of this document. For dated references, only the edition cited
ed references, the latest edition of the referéficed document (including any amendmg

D42, Dentistry — Vocabulary
D49, Dentistry — Polymer-based réstorative materials

344-3, Coated abrasives — Determination and designation of grain size distributid
grit sizes P240 to P5000

105, Dentistry — Evaluation of biocompatibility of medical devices used in dentistry
D17-1, Dentistry —\Water-based cements — Part 1: Powder/liquid acid-base cements
D17-2, Dentistry*— Water-based cements — Part 2: Resin-modified cements

0993-1,.Biological evaluation of medical devices — Part 1: Evaluation and testing
jement process

redures. This
vices used in

their content
applies. For
ents) applies.

n — Part 3:

within a risk

)998-5, Biological evaluation of medical devices — Part 5: Tests for in vitro cytotoxicity

ISO 10993-12, Biological evaluation of medical devices — Part 12: Sample preparation and reference
materials

[SO 10993-18, Biological evaluation of medical devices — Part 18: Chemical characterization of medical
device materials within a risk management process

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 1942, ISO 7405, ISO 10993-1
and ISO 10993-5 apply.

© IS0 2023 - All rights reserved
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[SO and IEC maintain terminology databases for use in standardization at the following addresses:

31

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

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

dental restorative material
material or combination of materials specially formulated and prepared for use in dentistry and/or
associated procedures for restoring lost integrity of teeth or for replacing teeth

3.2

positive control material

well charact
demonstrate
response in

[SOURCE: IS
3.3

negative comtrol material

well charact
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nonreactive

Note 1 to ent
responsible fq

[SOURCE: IS

3.4
antibacterid
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4 Requirn

4.1 Gener

The material

4.2 Extrad

For tests on
replicate of g
accordance

erized material and/or substance that, when evaluated by a specific test)mk
s the suitability of the test system to yield a reproducible, appropriately positive‘orre
he test system

D 7405:2018, 3.3]

erized material and/or substance that, when evaluated, by a specific test ms¢
s the suitability of the test system to yield a reproducible, appropriately neg
br minimal response in the test system

'y: In practice, negative control materials include materials lacking the active component
r antibacterial activity or materials used in clinical practice with no antibacterial activity.

7405:2018, 3.4, modified — Note 1 to entry has been replaced.]

I material
ibiting antibacterial activity as compared to the negative control material (3.3)

ements

al
claiming to be antibacterial shall meet one of the requirements in 4.2 and 4.3.
't

extract,an antibacterial material shall exhibit a median reduction of bacterial abil
t least99,9 % (3 log,, steps) as compared to the negative control material when tes
vith 7.1.

rthod,
hctive

rthod,
ative,

rhat is

ity to
ted in

NOTE

4.3 Direct contact

This requirement is in line with the definitions of the American Society of Microbiology [L1.[2L3],

For tests by direct contact, an antibacterial material shall exhibit a median reduction of bacterial ability
to replicate at least 99 % (2 log;, steps) as compared to the negative control material when tested in
accordance with 7.2.

NOTE Th

is requirement is in line with the definitions outlined in JIS Z 280141,
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ample preparation and control material preparation

General

The tests described in this document shall be performed on

a)

an extract of the sample, and/or

b) the sample itself.

90:2023(E)

Assessment of antibacterial properties shall be made on the material prepared in accordance with the

)

accor
matel

Negat
contr
contr

er-based restorative materials, the physical behaviour of the material should be ¢
Hing to ISO 4049. Before testing antibacterial properties of cements, the physical beh
ial should be characterized according to ISO 9917-1 or ISO 9917-2, respeetively.

ive and positive control materials shall be included in each assay~If appropriate
bl materials should be prepared by the same procedure as the sample (see 5.2 to 5.5]
bl materials shall resemble the dimensions and other material properties such as rou

test mpaterials. For direct contact tests, test materials and control\materials shall have a ¢

with

For td
to the
respe
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For tq
visibl
P200
samp

Negat
used

All te
as de
in po
10 co
[7] 1f 4
shoul

h diameter of 10 mm and a thickness of 1 mm to be used.in48-well plates (see 7.3).

sts on extracts, 0,2 % chlorhexidine digluconate shallb¢ used as a positive control.[3]
b extracts from the negative control material, nutrient broth used for bacterial c
ctive set of experiments (see Annex A for examples) shall be used as further negati
e experimental validity.

sts by direct contact, copper plates (circular shape; diameter 10 mm; purity =299 ¢
e surface impurities) shall be used as*@-positive control.[é] These plates shall be gi
) paper in accordance with 1SO 6344=3 in order to provide similar roughness as con
es.

that have the same size arid\dimensions as the test samples.

5t or control samplesshall be stored in sterile water at (37 £ 1) °C after mixing/cu
scribed by the manufacturer for 24 h prior to testing, e.g. for allowing leaching
ymers. After these initial 24 h, all test or control samples shall be tested at o

hsecutive elution cycles (see 5.7.4) to provide an indication on long-term antibactg

ntibacterialactivity is still observed after 10 elution cycles, a further test after 20 ¢
1 follow.inorder to demonstrate a plateau (i.e. a persisting effect) of the antibacteria

Chernlical analysis of the extracts should be additionally performed according to ISO 10993

accordance
ts) shall be
broperties of
haracterized
aviour of the

hnd possible,
.In all cases,
bhness of the
rcular shape

Additionally,
ilture in the
[ve control to

0; absence of
ound with a
Ipared to the

ive control materials shall not.exhibit any antibacterial activity. Therefore, PTFE samples shall be

ring/milling
f monomers
ce and after
erial activity.
lution cycles
activity.

18.

5.2

General requirements and recommendations for sample preparation

Sample preparation shall be in accordance with ISO 7405, ISO 10993-12, ISO 4049, ISO 9917-1 and
ISO 9917-2.

For the preparation of samples, consult the respective product standards and/or the manufacturer’s
instructions, and follow those descriptions as closely as possible. Justify any deviation from the
manufacturer's instructions. A detailed description of the sample preparation shall be included in the
test report. Sample preparation shall take into account the following factors:

a)

temperature;

b) humidity;
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c) light exposure: samples of photosensitive materials shall be produced under the condition that

ambient

light does not activate them;

d) material of sample mould: ensure that the material of the sample mould and eventual lubricant
used do not interfere with the setting process of the material;

e) oxygen exposure: for materials that produce an oxygen inhibition layer during hardening, both
ends of the mould shall be covered with transparent oxygen barrier materials (e.g. polyester/mylar

strips) d

uring hardening;

f) samples shall be produced under aseptic conditions; in cases, where this is not possible, the samples
can be sterilized by the method appropriate to the material, if necessary and possible (see 5.7.3).

5.3 Specif

In accordanc
of the light-c

a) Material
ISO 404
sample.
should b|
simulate

NOTE
semi-trar

b) Light ex

ic requirements and recommendations for light-curing materials

e with ISO 7405, the following factors shall be taken into account, considetring the fin
iring material:

of sample mould: If possible, the material of the sample mould should be accord
D, i.e. stainless steel moulds with a white backing (white filtér paper) at the bottom
[n case this is not possible, reflection coefficients of materials used for sample m
e as close as possible to that of the oral surface to which'the material is applied in or
the clinical situation.

Suitable sample mould materials with reflection coefficients close to dental hard tissues
slucent or white plastic materials such as polyethylene (PE) or polytetrafluoroethylene (PT

bosure: Light-curing shall be done to simulate clinical usage as closely as possible

often re

is materfial and/or process specific. In the.gase of one-component materials, there shall
voids, cl¢fts or air-bubbles present when viéwed without magnification. To provide the samsg
of curing as would be the case in clinical usage, follow the instructions for use of the m4
manufadturer including the recommended powered polymerization activator, which shall ix
the emigsion wavelength region(s);\the irradiance and the exposure time. This information

be docu
conditio

c) Oxygen
ends of t|
strips) d

d) Sample
finishing

uires curing from one side only but sometimes entails a two-sided cure. The cure m

ented in the test report. Care shall be taken to ensure that the light source and ope
h conform to the instructions for use of the material manufacturer.

pxposure: For materials that produce an oxygen inhibition layer during light-curing
he mould shallbe covered with transparent oxygen barrier materials (e.g. polyester/
iring light:curing.

al use

ng to
of the
oulds
der to

ran be
E).

This
ethod
be no

level
terial
clude

shall
rating

both
mylar

surface~treatment: If the material is recommended by the manufacturer for surface

aftereuring, the sample surfaces shall be ground and polished using the recomm

clinical y
be grou

bnded
shall

rocedures If there are no such 1nstruct10ns and 1f requlred for testlng, the sample<

against the transparent oxygen barrier materlal

5.4 Specific requirements and recommendations for chemically setting materials

ng set

In accordance with ISO 7405, ISO 9917-1 and ISO 9917-2, the following factors shall be taken into
account, considering the final use of the chemically setting material:

a) Mixing: Mix sufficient material to ensure that the preparation of each sample is completed from
one batch. Prepare a fresh mix for each sample. The mixing shall be performed in accordance with
the respective product standards, if applicable.

© IS0 2023 - All rights re

served


https://standardsiso.com/api/?name=30f89347982d8d85c7682433940dc032

b)

ISO 3990:2023(E)

Oxygen exposure: For materials that produce an oxygen inhibition layer during chemical curing,

both ends of the mould shall be covered with oxygen barrier materials (e.g. polyester/mylar strips)

d

uring curing.

Sample surface treatment: If the material is recommended by the manufacturer for surface

finishing after curing, the sample surfaces shall be ground and polished using the recommended
clinical procedures. If there are no such instructions and if required for testing, the samples shall
be ground on both ends, with a P2000 paper in accordance with ISO 6344-3, after first being set

ag

ainst the transparent oxygen barrier material.

5.5 Specific requirements and recommendations for CAD/CAM milled or subtractive

mani

The fi
subtr

1factured materials

bllowing factors shall be taken into account, considering the final use of the EAD/C]
hctive manufactured material: sample surface treatment: if the material is¥ecomm

manufacturer for surface finishing after CAD/CAM milling or subtractive manufacturing

surfa

ces shall be ground and polished using the recommended clinical procédures. If ther

instryctions and if required for testing, the samples shall be ground on both ends, with a

in acd

5.6
Steril

Samp

ordance with ISO 6344-3.

Sterility of samples

ty of the samples shall be taken into account.

es from dental materials that are supplied sterile shall be handled aseptically throug

procedure.

Samples from dental materials that are normally supplied non-sterile but are sterilized be
be st¢rilized by the method recommended by-tlie manufacturer and handled asepticall
the t¢st procedure. The effect of sterilization methods or agents on the dental materi
consiflered in defining the preparation of the sample prior to use in the test system.

Samp
asept
order

es from dental materials not required to be sterile in use shall be used as supplied
cally throughout the test procedure. It can be justifiable to decontaminate the tes
to avoid cross-contamination of the bacterial culture; however, the decontamination

not alter the properties of the test material. An immersion in 70 % ethanol for 1 min is r¢

- unld
for 1
been

If non
conta

5.7

5.7.1

pss specified otherwise - to reduce cross-contamination, followed by immersion in
min. Other methodsfor decontamination can be used if their efficacy has been provel
yerified that theydo not change material properties.

-sterile samples are used, they should be checked for bacterial cross-contamination
[mination ¢an lead to a false assessment of antibacterial properties.

Preparation of liquid extracts of material

AM milled or
ended by the
r, the sample
P are no such
P2000 paper

hout the test

fore use shall
7 throughout
al should be

and handled
t material in
process shall
rcommended
sterile water
h and if it has

because the

Principles of extraction

Preparation of extracts shall be performed after a 24 h-storage in sterile water at (37 * 1) °C following
mixing/curing as described by the manufacturer and after 10 consecutive elution cycles (see 5.7.4) to

provid

e an indication on long-term antibacterial activity(Zl.

If antibacterial activity is still observed for the extract after the 10th elution cycle, a further test on an
extract after 20 elution cycles should follow in order to demonstrate a plateau (i.e. a persisting effect) of
the antibacterial activity.

Chemical analysis of the extracts should be additionally performed after the 10th and 20th elution cycle

accor

©IS0 2
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Extracting conditions should attempt to simulate or exaggerate the clinical use conditions so as to
determine the potential antibacterial activity without causing significant changes in the sample, such
as fusion, melting or any alteration of the chemical structure, unless this is expected during clinical
application. Due to the nature of certain materials (e.g. biodegradable materials), alteration of the
chemical structure can occur during the extraction procedure.

NOTE The concentration of any endogenous or extraneous substances in the extract, and hence the amount

exposed to the test bacteria, depends on the interfacial area, the extraction volume, pH, chemical solubility,
diffusion rate, osmolarity, agitation, temperature, time and other factors.

5.7.2 Extraction vehicle

The choice ot the extraction vehicle(s) taking into account the chemical characteristics of thésample
shall be justified and documented. One or more of the following vehicles shall be used:

a) nutrient|broth used for bacterial culture in the respective set of experiments (sée)Annex|A for
exampleg);

b) phosphafe-buffered saline (PBS);
c) serum (for extraction of lipids).

The choice of vehicle should reflect the aim of the extraction. Nutrient broth is the preferred extraction
vehicle becayse of its ability to extract both polar and non-polar substarnces.

NOTE It is important to recognize that proteins from protein-rich<or' serum-containing nutrient broths are
known to bind, to some extent, extractables.

5.7.3 Extraction conditions

The extracti:[)n procedures shall be performed in accordance with ISO 10993-5.

The extraction shall be performed in sterile, €hemically inert, closed containers by using ageptic
techniques with a volume of extraction vehi¢le based on the exposed surface area, in accordanc¢ with
[SO 10993-12.

With the exdeption of circumstances.given below, the extraction shall be conducted under one pf the
following conditions and shall be applied in accordance with the material characteristics and sgecific
conditions fqr use:

a) (24x2) hat(37+1)°G
b) (72+2)hat (37 + B.5C.

Other conditjions which simulate the extraction that occurs during clinical use or provide an adequate
measure of [the antibacterial properties of the material can be used but shall be justified and
documented

Manipulation of the extract, such as by pH adjustment, filtering, centrifugation or other processing
methods prior to being applied to the bacteria should be avoided because it can influence the result. If
suchlike manipulation still is necessary, these details shall be recorded in the final report along with a
rationale for the additional steps.

5.7.4 Consecutive elution cycles

For providing an indication on long-term antibacterial activity, consecutive elution cycles are performed
by using the extraction vehicle (see 5.7.2) and extraction conditions (see 5.7.3) as described abovelZl.

The whole elution procedure shall be conducted by consecutively performing at least 10 single elution
steps. For each single elution step, the samples shall be stored in the dark at (37 * 1) °C for either
(24 £ 2) h or (72 * 2) h. After that period, the elution vehicle shall be renewed, and another elution

6 © IS0 2023 - All rights reserved
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step shall be performed. This procedure shall be repeated 10 times. For this purpose, extract samples
for a period of two weeks. Change the extraction vehicle four times a week in 24 h intervals and one
time at 72 h. This results in 10 changes. The extracts used for testing shall be 24 h extracts and no 72 h
extracts.

In the case antibacterial activity is observed for the extract after the 10th elution cycle, conduct a
further 10 elution cycles and test on an extract after 20 elution cycles in order to demonstrate a plateau
(i.e. a persisting effect) of the antibacterial activity. For this purpose, extract samples for a period of
four weeks. Change the extraction vehicle four times a week in 24 h intervals and one time at 72 h. This
results in 20 changes. The extracts used for testing should be 24 h extracts and no 72 h extracts.

According to ISO 10993-12, extracts should, if possible, be used immediately after preparation to

preve
for lo
the st

5.8

5.8.1

The ¢
a thig
adjus

In the
respe
be sin
cultu

5.8.2

Tests
mixin
provi
If ant

the n
effect]

It sha
can r¢

nt sorption on to the extraction container or other changes in composition. If an ext
hger than 24 h refrigerated at 2 °C to 8 °C, then the stability and homogeneity ofthe ¢
orage conditions shall be verified.

Preparation of materials for direct contact tests

Form of samples

referred sample of a solid material shall have a circular shape with a diameter o
kness of 1 mm to be used in 48-well plates. There shotld"be at least one flat sy
'ments shall be made to achieve flat surfaces.

case of materials that have another physical state thai solid (gels, etc.), they can be t
ctive various shapes or sizes without modificationn the antibacterial assays. Thesé
hilar among all samples. In these cases, the respected volumes of nutrient broth used|
e need to be adjusted accordingly.

Principles of direct contact tests

for direct contact shall be performed after a 24 h-storage in sterile water at (37 + 1)
g/curing as described by the manufacturer and after 10 consecutive elution cycles
He an indication on long-tersantibacterial activity(Zl.

bacterial activity is still observed for the material after the 10th elution cycle, a ful
aterial after 20 elution‘cycles should follow in order to demonstrate a plateau (i.e
of the antibacterialactivity.

|l be ensured-that all surfaces of the samples are exposed to extraction. Samples sticl
bsult in unextracted surfaces and false positive findings. Use an appropriate rack (sef

mount samples for extraction. The volume of extraction vehicle used to extract samples s

i.e. at

least 10;ml/cm? sample surface.

act is stored
xtract under

F 10 mm and
rface. If not,

bsted in their
shapes shall
for bacterial

°C following
(see 5.7.4) to

rther test on
a persisting

king together

e Figure 1) to
hall be large,

Figure 1 — Example of a rack for mounting of samples
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Use one of th

a)

e following extraction media:

examples);

b) PBS.

nutrient broth used for bacterial culture in the respective set of experiments (see Annex A for

For materials that are not pH-neutral, for example, cements, products containing alkaline glasses, or
that can be subject to corrosion, PBS should be used. In this instance, capacity to recharge shall be
considered as well (e.g. for glass ionomer-based materials).

6 Bacter

Established

from recogn
organisms fd
related to res
comparabilit

Annex A su
nutrient brof]

All experime

If a stock cul
nutrient brof
requirement

Only bacteri
cultures sho
use pure cu
contaminati

Using the ch|
bacterial cul
on agar plat
bacterial typ

7 Test prjocedures

7.1 Genel|

Assessment

b

at straims, mutrient brothsamd preparatiom of bacterial caltures

bacterial type or reference strains are preferred and, where used, shall be)obt
zed repositories?. Selection of bacterial strains shall be based on the relevante of
r the area of application of the respective material (e.g. Streptococcus spp.-for mat
torative dentistry or orthodontics). Due to restricted availability and potehtially imp
y of the obtained results, no clinical bacterial isolates should be used:

mmarizes recommended bacterial type or reference strains aith their correspo

nts shall be performed in accordance with appropriate mricrobiological practices?).

fure of a bacterial strain is stored, storage shall be at <80 °C or below in the correspo
h but containing a cryoprotectant, e.g. glycerol. The nutrient broth shall meet the gi
5 of the selected bacterial type strain.

h] strains free from any cross-contaminatigry shall be used for the test. Before use,
ild be tested for the absence of cross-contamination (e.g. by MALDI-TOF analysis)
ures. The nutrient broth used for the\experiment shall be sterile and free of any

psen bacterial type or reference-strain and nutrient broth, prepare sufficient planl
ures to complete the assay.Avoid sub-culturing bacterial cultures for more than five
bs or in liquid cultures Betgause sub-culturing can change the properties of the c
e strain.

al

f antibacterial properties shall be made on the final finished product.

A minimum ¢fthree independent experiments with at least three replicates in each experiment sh

ained
these
erials
aired

nding

hs and solid growth media to be used for the set of experiments described in this document.

nding
owth

stock
Only
Cross-

ktonic
times
hosen

all be

used for sam

ples and negative control materials and positive control materials.

1) For example, from the American Type Culture Collection (ATCC), the Deutsche Sammlung von Mikroorganismen
und Zellkulturen (DSMZ) or the National Collection of Type Cultures (NCTC).

2)

Series, No. 961, 2011, Annex 2) [8],

8

For example, WHO Good Practices for Pharmaceutical Microbiology Laboratories (WHO Technical Report
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Test on extracts
Tests on extracts toward planktonic cultures of bacteria

1 Principle

This test allows assessment of antibacterial properties by assessing reduction of bacterial ability to
replicate in planktonic cultures and by measuring bacterial membrane damage or reduction in bacterial
metabolic activity in planktonic cultures.

7.2.1

2 A

aratus and mataeriale and roeaconts
US4 a-ater ais £ents

7.2.1
7.2.1,
7.2.1,
7.2.1
7.2.1,
7.2.1,
7.2.1,
7.2.1,

7.2.1

Prepa
the r¢
conce
to grg
conce

NOTE

typicdlly correspounds to a starting inoculum of about 107 CFU/ml.

Pipet
suffid

halal
PP e T

2.1 Apparatus

2.1.1 Cell culture laboratory equipment, i.e. pipettes, incubator.
2.1.2 96-well plates.

2.2 Materials and reagents

2.2.1 Extracts from test and control samples, see 5.6:

2.2.2 Nutrient broth, see Annex A.

2.2.3 Positive control material: 0,2 % chiorhexidine digluconate.
2.2.4 Negative control material, nuttient broth, see Annex A.

3 Procedure

re overnight cultures at (37 * 1) °C under aerobic or anaerobic conditions as ap
pspective culture conditions of the chosen bacterial strain (see Annex A). Adjust t
ntration that is between2,5 x 10> CFU/ml and 10 x 10> CFU/ml with the same nutrie}
w the bacteria. Useanoptical density (measured at 600 nm) corresponding to the ab
ntration as a guidefor the adjustment.

Although/slightly varying per each bacterial strain, an optical density (measured at §

Fe a 100 pl aliquot of the adjusted overnight culture of the chosen bacterial strain i
ient\number of wells of a 96-well plate for exposure to the extracts.

bropriate for
o a bacterial
1t broth used
ove bacterial

00 nm) of 0,1

nto each of a

Pipette to each of the bacterial cultures 100 pl of

a) the original extract, and/or

b) the original extract and a dilution series of the extracts using the extract vehicle as diluent.

Alternatively, where materials of limited solubility are known or suspected to be present, dilution
should be achieved by varying the original extraction ratio of sample to extraction medium.

Prepare replicate wells for both the negative control material and positive control material.

Incubate the well plates at (37 * 1) °C under aerobic or anaerobic conditions as appropriate for the
respective culture conditions of the chosen bacterial strain (see Annex A) for an appropriate period
corresponding to the selected specific assay.
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If biofilms form during the culture period of overnight culture with extracts, resuspend the biofilms in
the supernatant (by frequently pipetting up and down followed by visual examination of the wells for
confirming complete removal of the biofilms).

Determine antibacterial effects as outlined in 7.4.
7.2.2 Test on extracts toward bacterial biofilms

7.2.2.1 Principle

This test allows assessment of antibacterial properties by assessing reduction of bacterial ability to
replicate in Hiofilms and by measuring bacterial membrane damage or reduction in bacterial methbolic
activity in bipfilms.

7.2.2.2 Apjparatus, and materials and reagents

7.2.2.2.1 Apparatus

7.2.2.2.1.1 |Cell culture laboratory equipment, i.e. pipettes, incubator.
7.2.2.2.1.2 |96-well plates.

7.2.2.2.2 Materials and reagents

7.2.2.2.2.1 |Extracts from test and control samples, see\5.6.
7.2.2.2.2.2 [Nutrient broth, see Annex A.

7.2.2.2.2.3 |Phosphate-buffered saline.

7.2.2.2.2.4 |Positive control material: 0,2 "% chlorhexidine digluconate.
7.2.2.2.2.5 |Negative control material: Nutrient broth, see Annex A.

7.2.2.3 Procedure

Prepare overnight culturés at (37 £ 1) °C under aerobic or anaerobic conditions as appropriate for
the respectiye culturencdonditions of the chosen bacterial strain (see Annex A). Adjust to a badterial
concentratiop that isshétween 2,5 x 105 CFU/ml and 10 x 105 CFU/ml with the same nutrient broth used
to grow the Qacteria. Use an optical density (measured at 600 nm) corresponding to the above badterial
concentratiop as a guide for the adjustment.

NOTE Although slightly varying per each bacterial strain, an optical density (measured at 600 nm) of 0,1
typically corresponds to a starting inoculum of about 107 CFU/ml.

Pipette a 200 pl aliquot of the adjusted overnight culture of the chosen bacterial strain into each of a
sufficient number of wells of a 96-well plate with flat bottom for biofilm formation.

Incubate the wells at (37 = 1) °C under aerobic or anaerobic conditions as appropriate for the respective
culture conditions of the chosen bacterial strain for a total biofilm culture period of at least 48 h.
Refresh the nutrient broth every 24 h by carefully discarding the old nutrient broth while not affecting
the attached bacteria (mainly at the bottom of the well) and adding fresh nutrient broth.
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After a total biofilm culture period of at least 48 h, carefully discard the nutrient broth and pipette to
each of the bacterial biofilms 100 ul of

a) the original extract, and/or
b) the original extract and a dilution series of the extracts using the extract vehicle as diluent.

Alternatively, where materials of limited solubility are known or suspected to be present, dilution
should be achieved by varying the original extraction ratio of sample to extraction medium.

Prepare replicate wells for both the negative control material and positive control material.

o+l 11 laoi £ (D7 1)\ o pa | L L P2 BV 3
Incu JALU LIIU VvUliIl lJlaLCD al L-JI i .L) U UIIUCTIT dUCIUUIU Ul dlldClI UUIU CUITUILIVUIIO do CllJIJl Ul. rlate for the

respective culture conditions of the chosen bacterial strain (see Annex A) for an appropriate period
correpponding to the selected specific assay.

Carefplly discard the nutrient broth, resuspend the biofilms in PBS (by using 2001 PBS and frequently
pipetting up and down followed by visual examination of the wells for confiriiing complete removal
of thq biofilms), transfer to new vessels and sonicate them (ultra-sonic water-bath chantber; 35 kHz;
5 minj) to separate aggregated bacterial cells.

Deterjmine antibacterial effects as outlined in 7.4.
7.3 [Test by direct contact
7.3.1| Test by direct contact toward planktonic cultures of bacteria

7.3.1{1 Principle

This test allows assessment of antibacterial properties by assessing reduction of bactetial ability to
replidate in planktonic cultures and by measuring bacterial membrane damage or reductioh in bacterial
metalolic activity in planktonic cultures

7.3.1{2 Apparatus, and materials and reagents

7.3.12.1 Apparatus

7.3.12.1.1 Cell culturedaboratory equipment, i.e. pipettes, incubator.
7.3.1.2.1.2 48.well plates.

7.3.1]2.2 Materials and reagents

7.3.1.2.21 __Test and control cnmp]nc’ see 07

7.3.1.2.2.2 Nutrient broth, see Annex A.

7.3.1.3 Procedure

Prepare overnight cultures at (37 * 1) °C under aerobic or anaerobic conditions as appropriate for
the respective culture conditions of the chosen bacterial strain (see Annex A). Adjust to a bacterial
concentration that is between 2,5 x 105 CFU/ml and 10 x 105 CFU/ml with the same nutrient broth used
to grow the bacteria. Use an optical density (measured at 600 nm) corresponding to the above bacterial
concentration as a guide for the adjustment.

NOTE Although slightly varying per each bacterial strain, an optical density (measured at 600 nm) of 0,1
typically corresponds to a starting inoculum of about 107 CFU/ml.
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Place the samples into each of a sufficient number of wells of a 48-well plate. The samples can be fixed
to the bottom of the wells by using an A-silicone material used for dental impressions without any
irregularities or gaps in the junction between the A-silicone material and the samples.

Carefully pipette an aliquot of the adjusted overnight culture of the chosen bacterial strain into each of
the wells containing the samples until the level of the aliquot is exactly flush with the sample surface
not yet covering the sample. Then add exactly 180 pl of the overnight culture per each well such that
all samples are equally thick covered with the overnight culture. This results in a 2 mm thick layer of
overnight culture covering the samples.

Ensure that the whole upper surface of the samples is covered with nutrient broth.

Prepare repljcate wells for both the negative control material and positive control material.

Incubate thef well plates at (37 £ 1) °C under aerobic or anaerobic conditions as appropriate for the
respective chilture conditions of the chosen bacterial strain (see Annex A) for an appropriate geriod
correspondj\g to the selected specific assay.

Carefully transfer both the nutrient broth and the samples of a well into one newyvessel and sonicate
them (ultra-4onic water-bath chamber; 35 kHz; 5 min) to separate aggregated Bacterial cells.

Determine antibacterial effects as outlined in 7.4.
7.3.2 Test|by direct contact toward bacterial biofilms

7.3.2.1 Principle

This test allpws assessment of antibacterial properties by\assessing reduction of bacterial ability to
replicate in hacterial biofilms and by measuring bacteriallmembrane damage or reduction in badterial
metabolic acfivity in bacterial biofilms.

7.3.2.2 Apjparatus, and materials and reagents

7.3.2.2.1 Apparatus

7.3.2.2.1.1 |Cell culture laboratory equipment, i.e. pipettes, incubator.
7.3.2.2.1.2 |48-well plates.

7.3.2.2.2 Materials and reagents

7.3.2.2.2.1 |Testiand control samples, see 5.7.

7.3.2.2.2.2 Nutrientbr uth, seeAnhexA:

7.3.2.2.2.3 Phosphate-buffered saline.

7.3.2.3 Procedure

Prepare overnight cultures at (37 # 1) °C under aerobic or anaerobic conditions as appropriate for
the respective culture conditions of the chosen bacterial strain (see Annex A). Adjust to a bacterial
concentration that is between 2,5 x 105 CFU/ml and 10 x 105 CFU/ml with the same nutrient broth used
to grow the bacteria. Use an optical density (measured at 600 nm) corresponding to the above bacterial
concentration as a guide for the adjustment.

NOTE Although slightly varying per each bacterial strain, an optical density (measured at 600 nm) of 0,1
typically corresponds to a starting inoculum of about 107 CFU/ml.
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Place the samples into each of a sufficient number of wells of a 48-well plate. The samples can be fixed
to the bottom of the wells by using an A-silicone material used for dental impressions without any
irregularities or gaps in the junction between the A-silicone material and the samples.

Carefully pipette an aliquot of the adjusted overnight culture of the chosen bacterial strain into each of
the wells containing the samples until the level of the aliquot is exactly flush with the sample surface
not yet covering the sample. Then add exactly 180 pl of the overnight culture per each well such that
all samples are equally thick covered with the overnight culture. This results in a 2 mm thick layer of
overnight culture covering the samples.

Prepare replicate wells for both the negative control material and positive control material.

Incu

te the wells at (37 + 1) °C under aerobic or anaerobic conditions as appropriate fortl

culture conditions of the chosen bacterial strain (see Annex A) for a total culture period of
Refrefh the nutrient broth every 24 h by carefully discarding the old nutrient brotliwhile
the sgmples containing attached bacteria. Then, add fresh nutrient broth by carefully pipet

brot

into the well until the level of nutrient broth is exactly flush with thersample su

coverfng the sample. Then add exactly 180 pl nutrient broth per each well Such that all

equal
cover

Caref
Then
proce
of the

Detern
7.4

7.4.1

Deter
(see 7

Addit]
bacte

7.4.2
7.4.2

7.4.2

y thickly covered with the overnight culture. This results in a 2 mm.thick layer of n
ing the samples.

llly discard the nutrient broth, remove the samples and put them into new vessels co
vortex (10 s) and sonicate them (ultra-sonic water-bath chamber; 35 kHz; 5 min) an
dure three times in order to separate aggregated bacterial cells (followed by visual
samples for confirming complete removal of the biofilins from the samples).

mine antibacterial effects as outlined in 7.4.
Determination of antibacterial effects

General

mine the antibacterial effects by assessing reduction of bacterial ability to replicate
4.2).

ionally, bacterial membrane damage can be assessed by flow cytometry (see 7.4.3) or
Iial metabolic activity.can be assessed by MTT test (see 7.4.4).

Assessment afthe reduction of the bacterial ability to replicate

1 Apparatus, and materials and reagents

J1.1, \€ell culture laboratory equipment, i.e. pipettes, incubator.

e respective
atleast 48 h.
not affecting
ting nutrient
rface not yet
samples are
itrient broth

ntaining PBS.
d repeat this
examination

by CFU assay

reduction in

7.4.2

7.4.2.

7.4.2.

7.4.2.

A

Materials and reagents
2.1 Phosphate buffered saline.
2.2 Solid culture media, see Annex A.

3 Procedure

Assess reduction of bacterial ability to replicate by means of CFU assay.

Serially dilute the bacterial suspensions from extract tests or direct contact tests tenfold in PBS (102

to 10~

7).
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Plate aliquots from each dilution step on solid growth media (i.e. agar plates; see Annex A). Thereby,
spread either 100 pl to 200 pl over an individual plate for each dilution step, or divide the plate into
sextants and plate three droplets of 20 pl from each dilution step onto a sextant of the plate. Incubate
the agar plates at (37 = 1) °C under aerobic or anaerobic conditions for at least 24 h as appropriate for
the respective bacterial strain. Afterwards, evaluate CFUs. Multiply the counted CFUs in each dilution
step by the respective dilution factors, and calculate medians and neighbouring quartiles (25/75 %

percentiles).

For tests on extracts, a median CFU-reduction of at least 99,9 % (3 log,, steps) as compared to the

negative control material is required to use the term “antibacterial material” (as outlined in 4.2).

NOTE1 Th

s requirement is in line with the definitions of the American Society of Microhiology [11.12].[3]

For tests by
negative con

NOTE 2  Thfs requirement is in line with the definitions outlined in JIS Z 280141,

74.2.4 Te

5t report

A test report{shall be prepared. The test report shall include at least the follpWing details:

a) the sample (lot number);

b) the nam

e and address of the organization evaluating the product;

c) the site 3t which the evaluation took place;

d) thedate

e) thestan

of the test;

lard used (i.e. ISO 3990:2023);

f) the method used;

g) theresu

h) any devi

t(s) including reference to the clause which explains how these were calculated;

htions from procedure;

i) anyunugual features observed;

j)  theidentity of the personpreparing the report, including signature and date.

7.4.3 Asse

ssment of bacterial membrane damage

7.4.3.1 AIIaratus, and materials and reagents

7.4.3.1.1

74.3.1.1.1

pparatus

lirect contact, a median CFU-reduction of at least 99 % (2 log;, steps) as compatréed
trol material is required to use the term “antibacterial material” (as outlined in 4-3).

to the

Cell culture laboratory equipment, i.e. pipettes.

7.4.3.1.1.2 Flow cytometer, equipped for detection of fluorescence from propidium iodide and SYBR

green.

7.4.3.1.2 Materials and reagents

74.3.1.2.1

7.4.3.1.2.2

14

Propidium iodide.

SYBR green.
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7.4.3.1.2.3 Phosphate-buffered saline.

7.4.3.2 Procedure

Assess bacterial membrane damage by means of flow cytometry after staining with propidium iodide
(PI) and SYBR green. These dyes intercalate into DNA and exhibit a strong increase in fluorescence
upon nucleic acid binding. While SYBR green stains all bacteria, PI is only able to stain bacteria with
damaged membranes [51.[2].[10].

NOTE 1

Centr'ﬁlgn the bacterial suspensions from extract tests or direct contact tests and resus
1 ml
(100
and
and 1
7 ul

After
SYBR
SSC
mem
bactefial cells. Calculate medians and neighbouring quartiles)(25/75 % percentiles). Al
bactefial cells stained with PI or double-stained with PI and.SYBR green as compared to
contrpl material indicates a membrane-damaging effect ofthe respective test material.

SYTO-9 can be used instead of SYBR Green.

end them in

PBS. For Gram-positive bacteria, mix 10 pl of each sample with 984 ul PBS and 1

) and incubate for 15 min in the dark at room temperature. Subsequently, add~54ul

imcubate for another 5 min. For Gram-negative bacteria, mix 10 pl of each sample wit]

J;ul SYBR green (10 x ) and incubate for 15 min in the dark at room temperature. Subs
(1 pg/ml) and incubate for another 5 min.

staining, immediately process the samples by a flow cytometer. Green fluorescenc
green can be detected on FL1, red fluorescence emitted by PI on El:3. Gate bacterial
ot plots from which FL1/FL3 dot plots are derived. Evaluate at least 10 000 eve
rane damage is evaluated according to the relative numbérs of Pl-stained or ddg

SYBR green
PI (1 pg/ml)
h 982 ul PBS
bquently, add

e emitted by
cells on FSC/
its. Bacterial
uble-stained
h increase of
the negative

on bacterial
resulted in at

bd;

NOTE[2  Treatment of Streptococcus mutans 72 h biofiflims with standard antiseptics acting
membranes such as chlorhexidine digluconate 0,2 % or. eetylpyridinium chloride 0,1 % for 10 min|
least 70 % bacterial cells stained with PI or double-stdined with Pl and SYBR green[3l.

7.4.3{3 Testreport

A testreport shall be prepared. The teStyeport shall include at least the following details:
a) the sample (lot number);

b) the name and address of the organization evaluating the product;

c) the site at which thefeyaluation took place;

d) the date of the test;

e) the standard/used (i.e. ISO 3990:2023);

f) the method used (including gating of the bacterial cells on FSC/SSC dot plots);

g) thetesult(s) including reference to the clause which explains how these were calculatg
h) any deviations from procedure;

i) any unusual features observed;

j) theidentity of the person preparing the report, including signature and date.
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7.4.4 Asse

ssment of the reduction in bacterial metabolic activity

7.4.4.1 Apparatus, and materials and reagents

7.4.4.1.1 Apparatus

74.4.1.1.1

74.4.1.1.2

Cell culture laboratory equipment, i.e. pipettes.

Microplate reader, for 96-well plates, wavelength 540 nm.

7.4.4.1.2 Materials and reagents

74.4.1.2.1
7.4.4.1.2.2
7.4.4.1.2.3
7.4.4.1.2.4

74.4.2 Pr

Assess redu
diphenyltetr

Centrifuge (
discard the s

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide.
Dimethyl sulfoxide.

Phosphate-buffered saline.

Nutrient broth, see Annex A.

bcedure

Ction in bacterial metabolic activity by means~of the 3-(4,5-dimethylthiazol-2-y
hzolium bromide (MTT) assay.

| 800 x g) the bacterial suspensions from\eXtract tests or direct contact tests for |
upernatants and resuspend the pellet.inh 200 pl nutrient broth or PBS. Stain the sa

by adding 2
concentratio

After this in¢ubation period, centrifuge (1 800’ x g) samples and discard the supernatants. Add 2
dimethyl sulfoxide (DMSO) and shake for:20 min in the dark at room temperature until the forn
crystals are|completely dissolved. Transfer aliquots (180 pl) from the resulting solution and
DMSO (blanks) into wells of a 96-well plate and measure the absorbance (optical density, OD) at 54
using a spectrophotometer. Calculate medians and neighbouring quartiles (25/75 % percentile
the samples @gnd blanks, and subtpact the median value for the blank. A reduction in bacterial met
mpared to the-h€gative control material indicates a metabolic activity-reducing effect of

activity as c
the respectiy

The negative
properly ass

NOTE Cu

D ul of a 5 mg/ml MTT solution (dissolved in nutrient broth or PBS) to reach 4
of 0,5 mg/ml MTT and incubatefor 1 h at 37 °C until a purple precipitate is v

e test material:

pss reductions in metabolic activity.

tare ‘of Streptococcus mutans biofilms with nutrient broth containing chlorhexidine diglu

)-2,5-

min,
mples
final
isible.
00 pl
nazan
from
10 nm
s) for
hbolic

control Mmaterials should give an absorbance at 540 nm of at least 0,6 in order to be able to

ronate

0,2 % for 24 ¥

loaloas o 1 faV¥aual 1 | e ) 1. e xade £ 4l ) R | s ) P |
CAIIIUILCTU d JU 0 UCTLITASTU IIITUAdUUIIU dLLlVlLy Ul UIIT UIUTIIIILIS d5 \.Ulll})dl CUu U UIUITIIIS U

without chlorhexidine digluconate 0,2 %[L11,

7.4.4.3 Testreport

A testreport

a)

shall be prepared. The test report shall include at least the following details:

the sample (lot number);

b) the name and address of the organization evaluating the product;

c)
d) the date

16

the site at which the evaluation took place;

of the test;

tured
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g)
h)
i)
)

8

ISO 3990:2023(E)

the standard used (i.e. ISO 3990:2023);

the method used;

the result(s) including reference to the clause which explains how these were calculated;

any deviations from procedure;

any unusual features observed;

the identity of the person preparing the report, including signature and date.

The d
decis

Ifag
this p
predi
set of
vivo.

Assessment of results

verall assessment of the results shall be carried out by a person capable 6f mak
ons based on the test data.

ven dental material exerts antibacterial effects in the set of tests déseribed in th
rovides basic information on the antibacterial properties of the given material. Thi
Ctive of clinical use; however, a material with no antibacterial properties as demons
experiments described in this document is not likely to exhibit any antibacterial

Inter

respeictive material as well as on the intended duration of\the antibacterial effect in th
clinicpl situation. For example, an antibacterial effect, that is limited to a few hours
worthwhile clinical impact for a dental adhesive during their respective setting periodg

have
direc

Testing of antibacterial activity of a given déntal material shall always be seen in contejy

bioco
alway
ISO 1

9 Final test report

ng informed

is document,
S may not be
trated by the
broperties in

retation of the results should be based on the field and indication of clinical application of the

e respective
can have a
but will not

h significant clinical impact for a resin-based egmposite material intended for clinicall service as a

restorative material for many years.

mpatibility aspects. Therefore, testing-for antibacterial activity of a given dental ma
s be accompanied by cytotoxicity-testing of this respective material according to I
D993-5 as well as chemical analysis of this respective material according to ISO 1099

conclusion of testing; a final test report shall be compiled, presenting the test proc
5 document. Thisfinal test report shall include at least the following items of informg

ame of the product;

hme of the‘'manufacturer;

ace‘of manufacture (if available);

('t with other
terial should
SO 7405 and
3-18.

edures listed
tion:

lot number tested;

the use by date of this product (if one is given);

the ISO Standard with its publication date (i.e. ISO 3990:2023);

the name of the organization evaluating the product and the site at which this took place;

the date of the evaluation;

bacterial strain(s), justification of the choice and source(s);

At thd
in thi
a) n
b) n
) p
d)
e)
f)
g)
h)
i)
j) n
k)

ame of the company and batch of the nutrient broth used;

assay method and rationale;
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p)
q)

18

consecutive elution cycles procedure;

extraction procedure (if appropriate) and, if possible, the nature and concentration of the leached
substance(s);

negative,

positive and other control materials;

observed (or not observed) antibacterial activity and other observations including appropriate
statistical analysis;

any other relevant data necessary for the assessment of the results;

the iden

14 £l 3 £l VS 1o 3 i ddat
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