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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
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mental, in_fiaison with 150, also take part in the work. 1SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.
hsk of technical committees is to prepare International Standards. Draft Interfational Stand
the technical committees are circulated to the member bodies for voting:“Publication as

| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

drawn to the possibility that some of the elements of this document miay be the subject of p3
shall not be held responsible for identifying any or all such patent rights.

B was prepared by Technical Committee ISO/TC 194, Biological)evaluation of medical devices

 edition cancels and replaces the first edition (ISO 10993-6:1994) which has been techni

consists of the following parts, under the general title Biological evaluation of medical devices:
Evaluation and testing within a risk managerment system

Animal welfare requirements

Tests for genotoxicity, carcinogenicity and reproductive toxicity

Selection of tests for interactions with blood

Tests for in vitro cytotoxicity

Tests for local €ffects after implantation

Ethylene oxide sterilization residuals

Framework for identification and quantification of potential degradation products
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Part 10:
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Part 11: Tests for systemic toxicity

Part 12: Sample preparation and reference materials

Part 13: Identification and quantification of degradation products from polymeric medical devices
Part 14: Identification and quantification of degradation products from ceramics

Part 15: Identification and quantification of degradation products from metals and alloys
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— Part 16: Toxicokinetic study design for degradation products and leachables

— Part 17: Establishment of allowable limits for leachable substances

— Part 18: Chemical characterization of materials

— Part 19: Physico-chemical, morphological and topographical characterization of materials
— Part 20: Principles and methods for immunotoxicology testing of medical devices

For il Directives
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Scope

part of ISO 10993 specifies test methods for the assessment of the local -éffects after img
haterials intended for use in medical devices.

part of ISO 10993 applies to materials that are:

solid and non-biodegradable;

degradable and/or resorbable;

non-solid, such as porous materials, liquids, pastes and particulates.

test specimen is implanted into a site and animal species appropriate for the evaluation of th
ty of the material. These implantation tests are’not intended to evaluate or determine the per;
fest specimen in terms of mechanical or functional loading. This part of ISO 10993 may also b
ical devices that are intended to be used\topically in clinical indications where the surface o
b been breached, in order to evaluate logal tissue responses.

local effects are evaluated by a ‘eemparison of the tissue response caused by a test speci
sed by control materials usedtin medical devices of which the clinical acceptability and biog
racteristics have been established. The objective of the test methods is to characterize the
ution of the tissue resporise after implantation of a medical device/biomaterial including final in
rption/degradation of(the material. In particular for degradable/resorbable materials the
racteristics of the material and the resulting tissue response should be determined.

part of 1ISO 10993 does not deal with systemic toxicity, carcinogenicity, teratogenicity or m
ever, the leng-term implantation studies intended for evaluation of local biological effects n
ht into some of these properties. Systemic toxicity studies conducted by implantation may
irements*of this part of ISO 10993.
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Normative reterences

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

ISO 10993-1:2003, Biological evaluation of medical devices — Part 1: Evaluation and testing within a risk
management system

ISO 10993-2, Biological evaluation of medical devices — Part 2: Animal welfare requirements

ISO 10993-11, Biological evaluation of medical devices — Part 11: Tests for systemic toxicity
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ISO 10993-12, Biological evaluation of medical devices — Part 12: Sample preparation and reference

materials

ISO 10993-16, Biological evaluation of medical devices — Part 16: Toxicokinetic study design for degradation
products and leachables

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 10993-1, I1SO 10993-2,

ISO 10993

31
degradati

12 1S0O 10993.16 and-the followina annly
’ g o)

decompos(i)lron of a material

[ISO 10993

3.2

£9:1999, definition 3.1]

degradation product

product of 3
[ISO 10993
3.3
biomateria
material int
or function

[Taken fron

4 Comr

4.1

It is import3
from the us

All animal
accordance
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the requiren

The provisi

material which is generated by the chemical breakdown or decomp@sition of the material

£16:1997, definition 3.1]

|
pnded to interface with biological systems to evaluatei‘treat, augment or replace any tissue, o
bf the body

European Society Biomaterials Conference.|l]

non provisions for implantation test methods

General

nt that the study be planned in sufficient detail such that all relevant information can be extra
e of each animal and-each study (see ISO 10993-2, ISO 10993-11 and ISO 10993-16).

studies shall be~performed in a facility approved by a nationally recognised organization an
with all appfopriate regulations dealing with laboratory animal welfare. These studies shal
inder good laboratory practices or other recognized quality assurance systems, and comply
hents of SO 10993-2.

bns’of this clause shall apply to the test methods described in Annexes B, C and D.

gan

cted

d in
be
with

4.2 Preparation of specimens for implantation

Test sample and reference or control material preparation shall be in compliance with 1ISO 10993-12. The
implant size and shape shall be documented and justified. Test specimens for various implant sites are
described in Annexes B, C and D. Physical characteristics (such as form, density, hardness, surface) can
influence the character of the tissue response to the test material and shall be recorded and taken into

account wh

en the response is characterized.

Each implant shall be manufactured, processed, cleaned of contaminants and sterilized by the method
intended for the final product and this shall be confirmed in the study documentation. After final preparation
and sterilization, the implant specimens shall be handled aseptically and in such a way as to ensure that they
are not damaged or contaminated in any way prior to or during implantation.
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For materials used as scaffolds for tissue-engineered medical products, it may be appropriate not to use the
final preparation pre-populated with cells, as the immune reaction of the animal to the cellular components of
such products and the reaction of the cells to the animal, may interfere with the resulting local tissue response.

For composite materials (e.g. bone cements, dental materials), the components may be mixed before use and
allowed to set before implantation. However, materials that are designed for use in devices with in situ
polymerization shall be introduced in a manner such that in situ polymerization occurs. For certain types of
study other procedures may be used. The procedure used shall be documented and justified.

Non-solid materials (including powders) may be contained in open-ended cylindrical tubes for the purpose of
testing for local effects after implantation (see 1SO 10993-12 for the selection of materials for tubes). Prepare
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test material according to the manufacturer’s instructions and insert the material into the tub

the end, taking care not to contaminate the outer surface of the tube with the ftest
amination occurs the sample shall not be implanted. Avoid entrapment of air in the tube-and
bnd surfaces of the inserted material in the tube and the tube ends are smooth.

E1 Polyethylene (PE), polypropylene (PP) or polytetrafluoroethylene (PTFE) tubes,are commonly
ose. PE tubes may be deformed by autoclaving. PTFE tubes are difficult to section in(the’microtome, an
E or PP tubes of the same dimensions may be preferable when the tubes are to remain in the tissue
oning.

uation shall be undertaken by comparing to the tissue reaction to-that of a similar specimer
bh the clinical acceptability and biocompatibility characteristics have been established.
E 2  For further guidance, see ISO 10993-12.

physical characteristics such as shape, and especially the surface condition of the control(s),
lar to that of the implant test specimens as is practically possible, with any deviations being ex
fied. When the test material is contained in a tube,the control shall be of the same material

have the same diameter as the outer diametersof the tube. The choice of the control rod or ty
imented and justified.

Test methods, general aspects

Tissue and implantation-site

test sample shall be implanted into the tissues most relevant to the intended clinical use of t
justification for the ,ehoice of sample numbers, tissue and implantation sites shall be docum
hods for various implantation sites are given in Annexes B, C and D. If other implantation sites
general scientific -principles behind the test methods described in Annexes B, C and D s
bred to and the-justification provided.

E1 Fenrspecial dental usage test, see ISO 7405.

e until level
material; if
ensure that

used for this
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blocks during

/material of

shall be as
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as the tube
be shall be

ne material.
ented. Test
are chosen,
hall still be

degradable/resorbable materials, the implantation site shall be marked in a manner

ider

suitable for

tification of the site at the end of the designated time periods. The use of a non-invasive permanent skin

marker and/or a template marking the placement of the specimen is recommended. In certain circumstances
an appropriate negative control may be used as a marker for the location of the implant site. Exceptionally, a
sham surgical procedure might be used to evaluate the impact of the procedure on the tissue involved; in
these cases the specific justification shall be provided.

NOTE 2
skin paints.

Markers for identification of the implant site of resorbable test specimens may be non-absorbable sutures or

5.2 Animals

All aspects of animal care and accommodation shall be in accordance with ISO 10993-2. In general, small
laboratory animals such as mice, rats, hamsters or rabbits are preferred.
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The use of larger animals may be justified based upon special scientific considerations of the particular
biomaterial under study.

Select an animal species in line with the principles set out in ISO 10993-2, giving due consideration to the size
of the implant test specimens, the number of implants per animal, the intended duration of the test in relation
to the expected lifespan of the animals, as well as potential species' differences regarding biological response
(see Annex B).

For short-term testing, animals such as rodents or rabbits are commonly used. For long-term testing, animals
such as rodents, rabbits, dogs, sheep, goats, pigs and other animals with a relatively long life expectancy are

suitable.

Before starting an animal study with degradable materials, relevant information from in vitro dedgradation
studies shauld be considered. For biodegradable materials a pilot study in rodents should be undertaken to
determine the expected rate of degradation before embarking on studies on larger animals.

The specinmiens of test and control materials shall be implanted under the same conditions-in animals of| the
same species and of the same age, sex and strain in corresponding anatomical sites. The'number and sige of
implants ingerted in an animal depends on the size of the species and the anatomical location. Whengever
possible, the reference control and the test specimens should be implanted into the-same animal.

However, when the local effects after implantation are investigated as part of*a systemic toxicity study by
implantation, control and test samples should not be placed in the same anifmal.

5.3 Test|periods

The test pgriod shall be determined by the likely clinical exposure time or be continued until or beyond a
steady statge has been reached with respect to the biologicalkresponse. The time points selected shall be
explained and justified.

For non-d

1 week up|to 4 weeks and the long-term responses in tests exceeding 12 weeks. The local biolog

response t

associated [trauma of surgery. The tissue canfiguration in the vicinity of an implant changes with the
elapsed after surgery. During the first two weeks after implantation the reaction due to the surgical proce
itself may be difficult to distinguish from:the tissue reaction evoked by the implant. In muscle and conneq
tissue, depénding on the species, apd.the severity of the surgical trauma, a steady state is seen in the
population after 9 weeks to 12 weeks:-Implantation in bone tissue may need longer observation periods be

a steady s
absorption

For degrad
test produg
starting wit
degradation
certain circ

radable and non-resorbable materials the short-term responses are normally assessed from

implanted materials depends both.ofithe properties of the materials and on the response to

te is reached. In general, it is expected that experiments that go up to or beyond the poin
bre needed for the-evaluation of degradable materials.

hble/resorbable-materials the test period shall be related to the estimated degradation time of
t. Annex-A\gives general considerations regarding degradable/absorbable materials. Be
n animak'studies and determining the time points for sample evaluation, an estimation of
timetshall be made. This can be done in vitro by real-time or accelerated degradation studies
Iimstances by mathematical modelling. In general, experiments that extend up to or beyond

jical
the
ime
Hure
tive
cell
fore
t of

the
fore
the
Dr in
the

point of ab

sorption are needed for the evaluation of degradable materials. The evaluation of degrad

able

materials will depend in part on the degradation rate of the materials.

Local tissue responses shall be evaluated relative to the degradation process of the implant at various time

points:

implantation;

when degradation is taking place;

where there is no or minimal degradation, usually to be evaluated at 1 week to 12 weeks after

when a steady state has been reached resulting in tissue restoration or degradation nearing completion.
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In the absence of complete degradation, absorption, or restoration to normal tissue structure and function, the
overall data collected may be sufficient to allow characterization of the local effects after implantation.

NOTE In vivo degradation may need a rather long period of time, sometimes more than one year. Additional animals
may be beneficial to extend the observation period when the implant has not been degraded completely within the
expected investigational time period.

Although this part of ISO 10993 does not address the issues of systemic toxicity as given in ISO 10993-11, it
is recommended that the information required to meet this part of ISO 10993 be obtained from any systemic
toxicity studies using implantation.

For long-term Implantation studies, generally accepted observation perioas are given in able 1.

An'rEaIs should be killed at each time point, in line with ISO 10993-2. Serial harvest)Under general
anapsthesia with recovery may be acceptable under special circumstances, which shall-be“documented and
justified.

Table 1 — Selection of test periods for long-term implantation

Species Implantation period in weeks

12 26 52 78 (104)2
Rats X X X
Guinea pigs X X X
Rabbits X X X X X
Dogs X X X X X
Sheep X X X X X
Goats X X X X X
Pigs X X X X X
a8  Depending on theNintended use of the test material, not all implantation
periods may be neeessary (see ISO 10993-12). An observation period of 104
weeks may be of interest in selected instances.

5.4| Surgery and testing conditions

Surgery shall be perfofrmed under general anaesthesia. If another type of anaesthesia is used, this shall be
justified and shalkhbe’in compliance with ISO 10993-2. The specific insertion or implantation procedures for
subgutaneous, intramuscular or bone implantation are described in Annexes B, C and D, respectively.

Thel numberof implants per animal and the number of animals per observation period are described in
Annexes B, C and D. A sufficient number of implants shall be inserted to ensure that the final number of
spetinmens to be evaluated will give valid results.

The surgical technique may profoundly influence the result of any implantation procedure. Surgery shall be
carried out under aseptic conditions and in a manner that minimizes trauma at the implant site. Remove the
hair from the surgical area by clipping, shaving or other mechanical means. Disinfect the exposed area of skin
with an appropriate disinfectant. Ensure that the implants or wound surfaces do not come in contact with the
hair. After surgery close the wound, using either sutures or wound clips, taking precautions to maintain aseptic
conditions.

The health of the animals shall be observed and recorded at regular intervals during the study. Following
surgery, each animal shall be observed at appropriate intervals during the test period, and any abnormal
findings shall be recorded, including local, systemic and behavioural abnormalities, and their potential
influence on the results obtained described in the test reports.

© 1SO 2007 — All rights reserved 5


https://standardsiso.com/api/?name=3ea1246f48b4a0a38ddbb2932f99d044

ISO 10993-6:2007(E)

When indicated by signs of ill health, body-mass measurements should be taken at appropriate intervals. The
use of post-operative analgesics shall be in line with the requirements of ISO 10993-2.

At the end of the experimental period, euthanize the animals with an overdose of anaesthetic or by some

other huma

ne method in line with the principles set out in ISO 10993-2.

5.5 Evaluation

5.5.1

Evaluate t
function of
sham operg
NOTE B
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the effect o

For a cylind
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millimetres
lymph nodg
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demonstrat

NOTE 1 |

General

]ime. Compare the responses to the test sample to the responses obtained at the control samp

ted sites.
Fxamples of grading systems are given in Annex E and in the Bibliography.

bmparison of the control and test implants at equivalent locations relative to each implant, so
relative motion between the tissue and implant is at a minimum.

rical specimen this region is midway between its ends. With grooved cylindrical implants the ce
ween the grooves as well as the flat top end surfaces of the implant.are suitable for evaluation

f the endpoints a sufficient number of samples shall be evdluated as defined in Annexes K
e samples shall be obtained from at least 3 different animals¢

roscopic assessment

nt site shall be examined for alterations of the normal structure. This should include assessme
| draining lymph nodes Tilney [32]. Use of a lefs with low magnification is recommended. Re
and extent of any tissue reaction observed,“such as haematoma, oedema, encapsulation an
ross findings. Record the presence, form:and location of implant including possible remnant
materials. Macro photography shall be-used for documentation.

o the inspection of the implant site;"whenever an animal has shown signs of ill health or react|
nt, a gross necropsy as appropriate shall be conducted.

lant retrieval and tissue‘'sample collection
imal has been humanely killed, excise the implant together with sufficient unaffected surroun

amined (degradable/resorbable materials), extend the explantation site to include seV
of normal_tissue on all sides of the expected implant site. For non-degradable implants, drai
s should\be collected as indicated by the gross pathology. For degradable implants, drai
s shauld be collected, when feasible, as evaluation of draining lymph nodes is of importand
b miigration of degradable materials.

S a
e or

that

ntre

8, C

ht of

cord

d/or
s of

ons

Hing

able evaluation-of-the local histopathological response. If the candidate material is not evident at

eral
ning
hing
e to

t is recognised that it is not always possible to locate the draining lymph nodes of all specimens.

If indicated by ill health and gross pathology, or by experimental design to assess systemic toxicity, other
organs shall be collected as appropriate.

Process the excised tissue samples according to appropriate procedures needed for histological evaluation,
including fixation, excision, embedding, sectioning and staining. If appropriate, record the orientation of the
implant, number of sections and cutting geometry.

When conventional techniques are used, the tissue envelope may be opened before or after exposure to a

fixative and the condition of the implant surface and tissue bed shall be reported. Take care not to destroy the
implant/tissue interface.
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When the implant/tissue interface is to be studied, embedding of the intact tissue envelope with the implant in
situ using hard plastics is preferred; appropriate sectioning or grinding techniques are used for the preparation
of histological sections. It shall be demonstrated that the technique of embedding in plastics does not
markedly alter the interface tissue.

NOTE 2

implant.

5.5.4 Microscopic assessment

For “soft” implants in soft tissues, processing of the tissue samples can be performed without removing the

The scoring system used for the histological evaluation shall take into account the extent of the area affected,

eith
nun

Red

The)

Adyv

For
mat
eva
indi

For
of b
non

br quantitatively (e.g. in micrometres) or semi-quantitatively (see Annex E). Record the implant
ber of sections and cutting geometry.

ord the section orientation in relation to the implant dimensions.

biological response parameters, which shall be assessed and recorded, include;

the extent of fibrosis/fibrous capsule (layer in micrometres) and inflammation;

the degeneration as determined by changes in tissue morphology;

cell types, namely polymorph nuclear neutrophilic leucocyies; lymphocytes, plasma cells,
macrophages and multinucleated cells;

the presence, extent and type of necrosis;

the material parameters such as fragmentation and/or debris presence, form and location of
degraded material;

the quality and quantity of tissue ingrowth, for porous and degradable implant materials.
erse histological responsessshall be documented by photomicrograph.

degradable/resorbable materials, at the intermediate or nearly complete degradation levels, so
erial of the degradable implant should be present in the tissue samples examined. In §
uation of the restération to normal structure, representative areas of the implant site shall be e
cated by marker.or template.

implantsdnybone, the interface between the tissue and the material is of special interest. Evalu
one contact and the amount of bone in the vicinity of the implant as well as the presence of
-calcified tissues. Record the presence of bone resorption or new bone formation if these are p

orientation,

the number and distribution as a function of distance from theqmaterial/tissue interface of the inflammatory

bosinophils,

other tissue alterations such as vascularization;fatty infiltration, granuloma formation and bong formation;

remnants of

me residual
ddition, for
aluated, as

ate the area
intervening
fesent.

5.5.5 Evaluation of responses

Exa

Exa

mples of quantitative scoring systems are described in [17], [18], [25] and [26].

mples of semi-quantitative scoring systems are shown in Annex E.

In addition, examples of other scoring systems are included in the Bibliography.
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6 Testreport

The test report shall have sufficient detail to allow an independent assessment of the results. The report shall
include the items listed in 5.1 to 5.5. In addition, the following items shall be reported.

a) Implant specimens
— Description of test and control materials, such as identification, surface condition, and the shape, size,

weight and form of the implants. The rationale for choice of control sample and the physical form of
the material implanted shall be given.

b) Animals and implantation

— Species, strain, sex, age and/or weight and origin shall be reported and justified. Test lconditjons
ingluding housing and diet shall be reported. All observations during the study shall be\fecorded|and
documented.

— Ingertion techniques including the surgical procedure, anaesthesia and post-surgical analgesia, [and
logation and number of implants per animal shall be recorded and reporteéd. Problems associated
ith implantation or explantation and all observations made during the study shall be recorded.

¢) Retrieval and histological procedure

report shall include a description of the retrieval techniquet/The number of implants retrieved per
anjmal and per observation period shall be recorded.

— Implant evaluation, including gross observations of implants, tissues and organs shall be recorged.
Techniques employed for the fixation and preparation of the histological sections shall be describgd.

— Mgthods and results of histological evaluation -of implant site and any organs showing alteratior]s at
necropsy, when indicated.

— For degradable materials, the report shall have a description of the degree of degradation, inclugling
material characteristics at explantation{free particles, fibre formation, amorphous gel, crystallinity).

d) Macrogcopic and microscopic evaluation
— Macroscopic observations) shall include the observations made on each implant as well as|the
macroscopic appearance of the tissue surrounding the implant. When applicable, this shall include

observation of the draining lymph nodes.

report shall>include the results obtained from each histological examination and (statistjcal)
angplysis when applied.

e) Final eyaluation

— The report shall include a comparative evaluation of the local effects after implantation in terms of the
biological responses to test and control materials.

NOTE When the ultimate goal of an implant is to result in tissue remodelling, evaluation of the formation of the
expected normal tissue at the site rather than complete degradation might be considered.

8 © 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=3ea1246f48b4a0a38ddbb2932f99d044

ISO 10993-6:2007(E)

Annex A
(informative)

General considerations regarding implantation periods and tissue
responses to degradable/resorbable materials

It is anticipated that the tissue response to degradable materials will be different from the response to non-
resgrbable solid materials. It should be emphasized that in contrast to non-resorbable materials a $teady state
can|only be obtained after complete degradation and adsorption of the implant. Until that stage|is reached,
therg is a continuous interaction of the degrading material with the surrounding tissue. In~genergl, a chronic
inflgmmatory response may be observed during the degradation phase, but the local histalogy shotld return to
normal after degradation of the implant. Therefore, the residual minimal tissue response usuglly equated
withl “biocompatibility” may require implantation periods that are as long as the-degradation profile of the
material. As degradation is a continuous process, and it is possible that a “burst” felease of acidic flegradation
prodlucts might occur, it is also necessary to evaluate the tissue response at intermediate degradation stages
for the evaluation of local adverse responses to the residual implant and its.degradation products.

Redl-time degradation in vivo may need a rather long period of time before complete degradation|or a steady
statg in tissue response is reached. Therefore, implantation of in vitrorpredegraded material (for ingtance up to
50 % weight loss or 50 % loss of mechanical strength) may be considered in order to simulate laje-occurring
evefts after implantation. However, these exploratory studies would not take the place of other imglant studies
that|would be necessary to fully characterize the real-time in vivo degradation profile of the material.

The| provisions in this Annex are also applicable to the evaluation of local effects of degradable materials used,
for instance as carrier for slow drug release, degradable scaffolds for tissue-engineered medical |products or
as resorbable surface coatings for non-degradable implants.
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Annex B
(normative)

Test methods for implantation in subcutaneous tissue

B.1 Field of application

This test rrlethod is used for assessing the biological response of subcutaneous tissue to an impla

material.

The study n
or to asses;

B.2 Pring

The method compares the biological response to implants of test specimens ‘with the biological respons
control specimens. The control materials are those used in medical devices of which the clipical

implants of
acceptabilit

B.3 Test

Common p

based on th
a) Specin
in thick]

NOTE

polymefic sheet material. In an intramuscular site sheet, material may become folded, which makes it difficy

assess
b) Bulk m
have r(g
c) Non-sg
length

B.4 Test

hay be used to compare the effect of different surface textures or conditions of thexsame matg
b the effect of various treatments or modifications of a material.

Ciple

y and biocompatibility characteristics have been establisheds

specimens

ovisions for the preparation of test and control’specimens are described in 4.2. Implant sizes
e size of the test animal. The following dimensions shall be considered.

ens made of sheet material shall be of:40 mm to 12 mm in diameter and from 0,3 mm to 1,0
ness.

The subcutaneous site, deep to the panniculus carnosa muscle, is particularly suitable for the evaluati

he effect of the material perse:

aterials shall be fabricated into specimens of 1,5 mm in diameter and 5 mm in length, and s
unded ends.

lid specimens((including powders) shall be prepared in tubes of 1,5 mm in diameter and 5 m
see 4.2),

animals and implant sites

hted

rial,

e to

are

mm

n of
It to

hall

mn in

The implants shall be inserted in the dorsal subcutaneous tissue of adult mice, rats, guinea pigs or rabbits.
Select one species among these in accordance with the provisions of ISO 10993-2.

Use at least three animals and sufficient sites to yield a total of 10 test and 10 control samples for each
material and implantation period. When multiple tissue specimens are taken from a single implant site,
sections for histology shall be at least 1 cm apart.

When using a well-known (non-degradable) control material, it may be justified to evaluate the response to the
control material at one time point only. This shall be justified and documented.

10
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B.5 Implantation procedure

Select one of the procedures described in B.5.1 and B.5.2.

B.5

.1 Implantation alongside dorsal midline

Make an incision of the skin and make one or more subcutaneous pockets by blunt dissection. The base of
the pocket shall be more than 10 mm from the line of incision. Place one implant in each pocket. The implants
shall not be able to touch one another. Alternatively, both flanks may be used.

NOT

B.

In
dis

In rg
The]

At ¢
imp

B.6

2 Implantation in the neck

ice, make a 10 mm long incision above the sacrum and prepare a subcutaneous tunn
ection towards the neck. Push one implant through the tunnel to position it at the'neck [231, [24],

ts, insert one implant of each of the control and candidate materials separately on each side
implants shall not be able to touch one another. Alternatively, both flanks-ahd/or hind legs may

ome distance from the implant, close the tunnel with stitches of appropriate suture material to
ant from moving.

Implantation period

To ¢nsure a steady state of biological tissue response, the implantation period(s) shall be as specif

B.7

The)

B.8

The

Evaluation of biological response

evaluation shall take into account thé.items specified in Clause 5.

Format of test report

presentation of the testresults and final test report shall include the items specified in Clause]

incllide justifications forthe specific methods selected.

el by blunt

pf the neck.
be used.

prevent the

ied in 5.3

6 and shall
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Annex C
(normative)

Test method for implantation in muscle

C.1 Field of application

This test me¢thod is used for assessing the biological response of muscle tissue to an implanted material,

C.2 Pringiple

The impla

implants ofl test specimens with the biological response to implants of control/specimens. The co

materials
characteris

C.3 Test

Common p
based on th

For rabbit g
are typicall
surgically in

The specim

C.4 Test

Under anas
size to accq

NOTE 1
gluteal musc

Use at leag
specimens

is inserted in the muscle of a test animal. The method compares the hiological respons

re those used in medical devices of which the clinical acceptability and biocompati
ics have been established.

specimens

rovisions for preparation of test and control specimens-are described in 4.2. Implant sizes
e size of the muscle group chosen.

aravertebral muscles, implants of a width of 1mm to 3 mm with a length of approximately 10
used. Alternatively, larger samples up to~10 mm in diameter and 3 mm in thickness may
nplanted.

ens shall have rounded edges and.theends finished to a full radius.

animals and implant sites

sthesia insert the implants in the muscle of the animals. Ensure that the muscles are of suffid
mmodate the implant-specimens. Use only one species per test.

[he paravertebral 'muscles of rabbits are the preferred implant sites. Alternatively, for smaller samples
es of rats or the'thigh muscles of rabbits may be used.

t three animals and sufficient implant sites to yield a total of 10 test specimens and 10 co
for €ach implantation period.

e to
htrol
bility

are

mm
be

ient

the

htrol

In cases w

here a comparative control material is expected to elicit more than a minimal response, use an

additional control material known to evoke a minimal tissue reaction in a location opposite the test materials.

When using a well-known (non-degradable) control material, it may be justified to evaluate the response to the
control material at one time point only. This shall be justified and documented.

C.5 Implantation procedure

Implantation shall be by hypodermic needle or trocar. For larger implants other appropriate surgical
implantation techniques may be used.

12
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Implant test specimens into the body of the muscle with the long axis parallel to the muscle fibres.

For rabbit paravertebral muscles, implant sufficient specimens of the test materials along one side of the spine,
25 mm to 50 mm from the midline and parallel to the spinal column, and about 25 mm apart from each other.
In similar fashion implant sufficient specimens of the control material in the contralateral muscle of each
animal.

C.6

To

Implantation period

nsure-a-steadv state of biclogicaltissue response -the implantation-period(s)-shall be as-specified in 5.3
7J g ™ T ™ ™ 7 | J.

C.7

The)

C.8

The

Evaluation of biological response

evaluation shall take into account the requirements specified in Clause 5.

Format of test report

presentation of the test results and final test report shall include the requirements specified in

Clause 6.
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Annex D
(normative)

Test method for implantation in bone

D.1 Field of application

This test m

implantation site in cancellous (“spongy”) or dense compact bone should be selected according to the-end

of the mate

The study n
or to asses§

D.2 Pring

The implan
implants of
materials

A

[«

characterisiics have been established.

D.3 Test

D.3.1 Gern

Common provisions for preparation of test andcontrol specimens are described in 4.2.

D.3.2 Shgpe of implant specimens

Solid samp
preparation

Other form
and study ¢

D.3.3 Size¢ of test'specimens

Implant sizg

pthod is used for assessing the biological response of bone tissue to an implanted matetial:
fial.

hay be used to compare the effect of different surface textures or conditions of-the same matg
the effect of various treatments or modifications of a material.

Ciple
is inserted into the bone tissue of test animals. The method eompares the biological respons

test specimens with the biological response to implants) of control specimens. The co
re those used in medical devices of which the clinical acceptability and biocompati

specimens

eral

es may be screw-shaped or threaded to provide initial stability of the implants in the bon
of a screw shape isdmpractical, a cylinder shape may be used.

5 of sample (e.q.\¢ylinders, rods, pastes) may be used depending on the nature of the mate
bjective.

s-are based on the size of the test animal and bone chosen. The following typical dimensions 5

The
use

rial,

e to
htrol
Dility

rials

hall

be consider

rabbits

14

rabbits,

ed 1or Implants In mid-shartt cortical bone:

— cylindrical implants 2 mm in diameter and 6 mm in length;

dogs, sheep and goats — cylindrical implants of 4 mm in diameter and 12 mm in length;

dogs, sheep, goats and pigs — 2 mm to 4,5 mm orthopaedic bone screw-type implants.
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D.4 Test animals and implant sites

D.4.1 Test animals

The implants shall be inserted into the bone of rodents, dogs, sheep, goats, pigs or rabbits. Select one
species among these in line with the principles set out in ISO 10993-2. Species' differences are important in
bone physiology and should be assessed before implantation procedures are initiated. In addition, bone
quality may vary between non-purpose-bred animals of the same species, and bone densitometry may be
required to identify suitable test animals and to interpret the test results. Selection shall be justified and
documented.

D.4I.2 Implant sites

Equ
con
lead
deg
NOT
The

a)
b)

Do

The)
doe
imp

D.§

Pert
phy

It is
ingr,

ivalent anatomical sites shall be used for test and control specimens. The test .implan
ralateral to the control implants. Select the implant site to minimize the risk of mability of the
t 10 test specimens and 10 control specimens shall be evaluated for each-implantation p
radable control samples may be evaluated at one time point only. This shall béYjustified and do

E The femur and tibia are suitable. Other sites may be considered.

number of implant sites shall be as follows:

in each rabbit there shall be a maximum of six implant sites: three for test specimens and thre
specimens;

in each dog, sheep, goat or pig, there shall be a maximum of twelve implant sites: six for tes{
and six for control specimens.

not insert more than twelve specimens in any ofie animal.

size, mass and age of the animal and the-implant site chosen should ensure that the implan
5 not cause significant risk of patholegical fracture of the test site. In younger animals it i

brtant to ensure that the implants avoidthe epiphyseal area or other immature bone.

Implantation procedure

orm bone preparation—using low drilling speed and intermittent drilling using profuse irr
siological saline splution and suction, because overheating will result in local tissue necrosis.

important that-the diameter of the implant and the implant bed in the bone match well enoy
pwth of fibrous tissue.

ts shall be
implant. At
eriod. Non-
cumented.

e for control

specimens

[ placement
5 especially

gation with

gh to avoid

pse the-cortex of each femur or tibia and drill the appropriate number of holes to receive i
its, prepare up to three holes; for larger animals prepare up to six holes. Ream to final dia

plants. For
eter or tap
ew-shaped

implants in place with an instrument capable of delivering a predetermined torque. Record the torque.

D.6 Implantation period

To ensure a steady state of biological tissue response, the implantation period(s) shall be as specified in 5.3.
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D.7 Evaluation of biological response

The evaluation shall take into account the requirements specified in Clause 5.

D.8 Format of test report

The presentation of the test results and final test report shall include the requirements specified in Clause 6.
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